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IN THE CENTER GF THE ARCTIC

CHAPTER VI

ARCTIC ICE
ls How the ice is formed

The ice-cover of the seas of the northérn hemisphere, at its greatest
extent, takes up an enormous area---about 11,000,000 square kilometers, Each
year in the summer the ice-masses decrease in total amount by approximately
one-third. Those in the Central Arctic Basin occupy an area of about 5,000,000
square kilometers. This area is never free of ice.

On the basis of its origin and nature, ice may be divided in a clear-
cut manner into three categories: river ice, glacier ice and sea ice.

River ice is distinguished by its brovmish color and dirtiness; it
is encuuntered not far from the mouths of rivers. This ice melts during the
sucner and does not count for much as far as sea conditions are ‘concerned.

Floating glacier ice, in the form of icebergs, is formed by~calving
from the edges of glaciers which come down. to the sea. ~

The bulk of the ice in the Northern JYce Ocean consists of greenish-
white sea ice, formed from the seca water itself.

A very interesting property of sea ice is the fact that on the average
it is only one-quarter as salty as the water from which it is formed.

Another surprising property of sea ice is that with the passage or
time it gradually becomes fresher and at length can be used in the prepara-
tion of food. “These properties of sea ice may be explained by its structure.

The formation of ice in the sea begins .with the appearance of fine
ice-necdles, crystals of pure ice in a fantastic network. With the passage
of time these crystals grow; the dissolved salt, the admixtures of organic '
or inorganic origin and the air bubbles which are found in sea water are con-
centrated in the spaces between the crystals. Thus once it is formed sea ice
consists of crystals of pure ice with brine-cells and air bubbles interspersed
betweon them,
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"The temperature-changes which take place in sea ice during its life-
time cause variations in the volume of the brine-cells. Thus when the tempera-
ture falls the development -of additional ice crystals increases the volume and
causes cracking, the formation of minute fissures, through which the brine drop<
lets gradually filter downwards. This decreases the salinity of the ice.

In new ice it is noticeable that the lower the air temperature and
the faster the resulting formation of ice, the higher its salinity is. At
very low air temperatuces the brine is not only not able to flow domwards, but
it is actually squeezed out onto the surface of the ice. As a result, the
surface of ice formed at very low temperatures is ‘always slightly damp with

‘brine. At still lower temperatures the ice surface is covered with so-called

ice flowers, of amazing beauty. These ice flowers consist of very'fine salt
crystals seated on the ends of ice crystals. This phenomenon is at times very
clearly in evidence; many explorers have mentioned the difficulties which sledge

" expeditions encounter on sea ice which has been formed at low temperatures.

Sledges will not-slide on such ice: they drag as though they were being pulled
over sand.

On the sea, ice-formation does not always commence at the surface.
If the cold sea waters are strongly agitated by the wind or by strong currents,
then ice-~formation may begin in the depths of the sea or even at the bottom.
In this process the water at first becomes as it were turbid; indeed this
phenomenon is called ice-fog. The particles of ice forming in the depths of-
the water do not float up immediately to the surface, but are carried about
from place to place by eddies. Subscquently the particles of deep-water ice,
in tho form of disks of very regular circular contour and with mirror-smooth.
surfaces, increase in size, freeze together, and at last rise to the surface—
of the sea. ’

For deep-water ice and anchor ice to form in the sea it is necessary,
Just as in the case of rivers, to have very low temperatures, strong agitation
of the water by wind or currents, and no ice on the surface. As soon as the
movenents of the sea are impeded by surface ice or by deep-water ice rising
to the surface, then in most cases the formation of deep-water ice ceases,

In the histery of navigation cases are knowm of’ sgafarers in the
Baltic at the beginning of winter finding thémselves siifroinded on all sides
by ice which suddenly rose from the depths of the sea. It is known too that
on the rocky shores of Greenland, Labrador, and Spitzbergen anchor-ice often
brings up with it to the surface fragments of rock and earth. In Newfoundland,
ice is found at depths of 20-30 meters. On the coast of Labrador,-a box of
instruments was once brought to the surface by the anchor-ice. It was dis-
covered that the box had belonged to a ship which sank in Hudson's Strait many
years previously, some hundreds of kilometers north of where it was found,

Sometimes an initial crust of ice is formed by snow falling on the
surface of the sea. This ice has a structure of its own and is distinguished
by its white color: it bears the name of slush ice.

A3 e have seen,‘when the sea is quiet and there is no wind, small
crystals of ice-needle type form on the surface. These initial formations
gradually expand and unite, building up patches of thin ice film on the surface
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of the water. The look of this ice is reminiscent of congealing lard and it is
called /in Russian/ “lard ice", or simply "lard*. It is usually of the dark
color of lead, differing little froa the color of the water in cloudy weather,
and looks like worn-dowvn ice.

‘ The sea covered with “lard ice" gives one a very strange impression.
The water looks heavy, like mercury. Since the formation of ice usually begins
in soparate and moro or loas uparsoly acattored patchea, the surface of the

sea covered with "lard ice" takes on the appearance of wa%ered silk. .

Vhen the sea gets still colder and is perfectly calm, its whole
surface, particularly if the superficial layer is thin and almosi non-saline,
covers itself over with a thin shiny crust of ice —-bottle-ice. Vhen a ship
is proceeding through this bottle-ice a characteristic noise is heard, produced
by ice-fragments vhich splinter off and fly to some distance; this noise reminds
onc of the tinkling sound of boltles breaking.

The initial formation of ice takes place somewhat differently when
the sea is a little disturbed. Then it seems the process starts from many
centers, and cakes are formed of almost perfectly regular shape, 30 - 50 cm in
diameter. These cakes are rimmed with small ridges, vwhich they acquire through
rubbing one against the other. The ridges give the cakes the appearance of
shallow frying-pans. In all languages this kind of ice is called pancake-ice
or plate~ice. The ridges rise highcr out of the water than the czkes themselves,
and for this reason their color is vhiter. With newr pancake-ice, the sea looks
as if it was covered with a vhite netting.

After the surface of the sea has become covered iwith a thin layer of
ice, its thickness increases more rapidly the lower the temperature of the air,
and more slowly the thicker the icec becomes. It is reckoned that under Arctic
Basin conditions the thickness of ice formed in any one year by natural accretion
does not exceed two or three meters.. The ice-fields acquire ineir greatest
thickness through rafting, the piling up of flce on floe. Our Arctic men indeed
make a distinction between ice-fields on this basis ... growth-fields and rafted
fields.

According to its location, sea ice is divided into fast ice, floe’
ice, and pack ice. 1In the Arctic Basin in the winter season, fast ice accounts
for fifteen to twenty percent of the whole ice area. Ten to fifteen percent
congists of floe ice. The remaining area, that is about seventy percent, con-
sists of pack ice, which like floe ice is free-floating and in continual
motion. Pack ice fills the central portion of the Arctic Basinj it is for the
most part fringed by floe ice, but nearer to the shore ... in the winter season
eoe it is bordered by the fast ice.

Fast ice is the shorebound ice which forms along the coast in
winter, reaching a thickness of about two meters by the end of the winter.
In summer, part of the fast ice melts in situ, and part of it breaks off and is
carried out to sea.

It is reckoned that the fast ice in winter exitcends off shore as far

as the twenty-fivc-meter depth contour. It attains its greatest dovelopment
on the coast of Siberia, in the longitudes of the mouth of the River Yana,

-3 -




where it may extend nearly four

tundred kilometers northwerd e .
~om the coest. This is ex- e
plefned by the shellowness of —a
the weter here aand by the exist- <
ence of numerous islands. Ve

call this region the fast ice

sector. an

Ploe ice, &s {its
name indicates, is in continuval - .
motion both summer anrd winter.
Part of it disappears during )
the summer. Parit of it sur- )
vives and is incorporated into
the re-forming jce-masses,

In floe ice we xay t":
The fast ice in the region of the New {ind formations of the most C:;
Siberian Islands. diverse origins, shapes and ‘:'
sizes. The floe-ice zone is =
thought to extend approxi- cre
- mately from the 25-meter Lt
coatour-line (the outer limit of the fast ice in winter) to the boundery be- Lie bo
tween coastal and deep sea water ... approximately the 1000 meter depth contour. in
Pack-ice 18 the ultimate form of sea ice. It i1s mede up of gresat 3
fields of comparatively-even ice from three to five meters thick. These fields SRk
" are rimmed with hummocks and in some places traversed by ridges eight to ten Lha g
meters in height. The ridges are formed by floes squeezing together and piling Qf
up, and they indicate the position of so~called lines of hummocking.¥* In some
areas the ice-pack may be a very wilderness of tortured and piled-up masses of ’e
ice, in which it {3 impossible to detect any regularity of formation; these are WAL
ealled areas of hummocking.®* ac
the
Pack-ice i3 characterized by its uniform composition and absence of at
foreign admixtures (brine colls and sair bubbles). Several processses are oV
necessary in forming ift: the natural formution of ice, the thickening of the
field by floes rafiing one upon the other, the structural changes in the ice i8
which are caused by periodic ter-erature-variations, the consolidation which is Tpald
caused by periodic cycles of packing, and finally the levelling-off of the
upper and lower surfaces of the pack.
. of -
The last-mentioned process begins when the ice reaches such a thicke ti
ness and massiveness that further hummocking i{s impeded. Snow is blown about
by winter storms end gradually fills up the depressions in the ice-surface.
no.
#  Lines of pressure. (Tr,) of
vl

#%  Pressure sreas. {Tr,)
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The Arctic sun, which never rises very high over the horizon ,# ncty firat of all
and indoed almost exclusively on any kind of unasvcnness or high spot in the ice »

melting it dom. and smoothing it out. In this mennor the upper surfacos of pack
ico is levelled off,

Thooretically the under-surface of the ice chovld ba nuch norw unave:.
than the upper. Adtudlly, the density ef Pute dea (free of any feurvign sdmixture
such as salt, dirt, or air-buhbles) is cqual to 0.9176. Tho differsnce ia density
of tho ice and tho water in which it is floating is such that woually a wmare ois-
fifth to ono-3aventh of the total thickness of an ico-field shows abvove tius sur-
faco of the sca. Consequently the woight of a humiock five meters high should
bo balanced by a boss on the lower surface of tho ice aextending to & depth of about
thirty notors.

llowever, as obsorvations showr, thae temperaturo of the lowoer surface of
ths ice is very near to the freezing point of tha sca-water, and at such temperae
tures the ice has almost no strength and the slightest pressure czuses it to
crumble. The rcsult is that the undorwater-tosses correspending to surface
hummocks vory soca break up; the hummock then settles by its own weight and
creatas a new under-water boss beneath it, which again breaks up. Thus there
takes place a simultaneous levelling of the upper and lower surfaces of ice-
fields, a process which is usually morz marked in sumner but does not stop even
in winter. It is called the isostatic levelling of ice-ficlds.

Although the strotchos of opcn water between the scparate fields of
a pack are insignificant in exient (cven in autumn they do not constitute more
than one or two percent of the arca), thoy ncvertheless permit soms movement
of the fields even in winter time.

- The mass of the ice-field on which Station North Pole was locatcd
wa3z, at a modest estimate, ten million tons. If such an ice-field acquires even
a slight motion (under tho influence ‘of wind or currents) and drives against
the shore, or against another ice-ficld which is either stationary or moving
at a different speed, it is easy to understand that at the poinis of -contact
oven ice of enormous thickness will be smashed up, forming huge hummocks.

of winter hummocking Badigin, the Commanding Officer of the Sedov,
wrotos -

"It is difficult to describe these noises; sometimes they romind one
of the howling of the wind, sometimes of the monotonous roar of a motor, some-
time of the growls of gomo unknown 4nimal, sometimes of a breaking surf.”

On tho other hand all observers are struck by the surprising guist-
noss of swmner hummocking, which may be on a scale more vast than in the case
of winter hummocking. Immense monoliths of ice split off, rear up and topple,
with no audible noise even under perfoctly windless conditions,

The turmlt and noise which accompany winter hummocicing and the
absolute silence of summer hummocking may both be explained in torms of the

a At the Pole, the sun of course cannot rise higher than 23 dogrees above tho horlzon, At €0% It
¢annot be higher than }3& degroes. A lovel lco-surface would therefore reflect neariy all the

solar radiation, (Tre
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mechanical properties of the ice. The strength of ice is very much dependent
on its temperature. At -90°C its strength is approximately equal to that of
well-fired brick and increases very little as the temperature is lowered below
that point. As the temperature rises toward the melting point its strength
rapidly declines; at still higher temperatures the ice turns into a porridge-
like mass.

The tempe.ature of sea ice formaticns is continually changing, but
that of the under-surface remains constant, approximately equal to the freez-
ing point of the sea water, that is, -1.6 to -1.8°C. The temperature of the
top surface approximately follows that of the atmosphere, sometimes dropping
below -L40°C. Consequently the ice at thu bottom of the field dces not change
in bulk, while at the upper surface it is either swelling or shrinking by
reason of thermal expansion and contraction. For instance, the top of Station
North Pole's ice floe was capable of changing its horizontal dimensions by onc
or two meters. in the course of a year, solely through the effects of tempera-
ture variation. Such variation in size causes fissures to form, a process

which is accompanied in winter-time by sounds reminiscent of the sharp crack of

a rifle. These. sounds have been heard by all Arctic explorers; they were
heard by the men of Station North Pole and by those of the Sedov, who during
their sojourn on the ice learned to distinguish the various noises which fill
the air of the Arctic Basin in the winter season.
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2. How the ice disintegrates.

During the winter the dimensions of an ice-floe may be increased
by normal formation of ice, by rafting, or by its freezing to other floes.
Ice fields of huge size may be formed, which then may from time to time be
broken up by severe winter storms. In area and thickness the Arctic ice-
covor reaches its maximum davelopment in Mayy but long bofore this a procoss
of internal melting has begum, a process which reveals itself first of all in
the structural weakening of the floes.

This process takes place because, as we already know, sea ice
consists of crystals of pure ice with an interspersion of brine-cells. These
cells reach their minimum size when the temperature of the ice reaches its
minimum. As soon as the temperature begins to rise, the brine-cells increase
in size and the solution they contain decreases in congzntration ... the ice
bagins to melt as it were from inside out.

The rise in the temperature of the ice is caused by absorption of !
heat from the atmosphere and from the surrounding water to which, as soon ;
as the sun begins to show itself more and more above the horizon at the end ‘
of the Arctic night, there is added the absorption of solar heat.

The absorption of solar heat by the ice has some quite interesting .
features, as we have already noted. The snow surface is quite a perfect re-
flector, while water on the contrary is a quite perfect absorber of solar
anergy. ‘Hence with the arrival of spring and summer the melting of the ice
proceeds most rapidly where there is the most open water between the floes,
The water absorbs solar energy and passes it by contact to the ice floes,
thus causing a warming of the latter.

On ice fields, solar heat is absorbed most intensely by the dark-
colored particles which are found on the surface of the ice. In the case ,
of coastal ice thesé particles may consist of dust brought from land by f
the wind. In the case of ice-floes out at sea, many of.the particles are i
of organic origin: tiny organisms which, alive or dead, have in one way or
another become frozen in the ice,

Nansen pointed out that since the-melting of old ice takes place
principally from the top while the accretion process goes on below, all
foreign admixtures gradually move upwards and finally come out on the surface.
Tha particles then form centers around which the absorption of solar energy
and the melting process take place,

During the Arctic summer the presence of dark particles of all
kinds in the ice is very clearly shown by the color of the fields.

. Thus it has been observed that with the arrival of warm cloudy
weather the surface of the ice looks muddy and smooth. In clear sunny
weather the dark particles on the surface absorb the solar radiationm,
become warm, and thaw out little pits beneath them; they sink into these
pits to a short distance below the surface level, This means that in such

-7~
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weather tho ice surface becomes porous and looks snow-iwhite, as though covered
with newly fallen snow,

(4]

Nevertheless, no matter how great the reflecting powers of snow, s
it absorbs some part of the solar warmth. At first, the top particles of be
snow are subjected to the action of the sun's rzys; they fuse together into
a solid mass which reflects very strongly. The snow under these conditions
shineés with a blinding glare which causes_acute inflammation of the mutdus il
membrane of the eye, %he so-called snow-blindnsss. t

!

This strong reflection makes the horizon indistinct even under a i
cloudless sky, and strong refractive effects may be observed. If the sky is <
covered with a thin layer of cloud, then the whole atmosphere seems to be 3
filled with a peculiar silvery shine which reminds you of light reflected f

from a polished silver plate.

In"spite of the fact that in the early spring of the Arctic regions
the temperature of the air may never rise above -10°C and sometimes may fall
below -30°C, the first droplets of brine begin to appear on the southward
slopes of the ice masses, and the sharp edges begin to melt and round off.

As the air temperature further increases and the sun rises higher and higher
above the horizon, the surface layer of snow becomes saturated with water and
it acquires a greater capacity for absorbing solar heat. Lach time there is
a sudden cold spell, an ice-crust forms on the now surface. This ice-crust
plays the same role as the glass over a greenhouse.

. Its effect is that a gradual accumulation of heat takes place,
raising the temperature of all the sunlit parts of the ice. Inside the ice
this heat is absorbed not so much by the ice crystals as by the inclusions

of foreign matter among them. This by the way explains the fact that the

ice formed on a pond under quiet conditions has a characteristic honeycomb
appearance when it is melting; also the fact that ice of any origin, marine
or otherwise, will when finally disintegrating break up into s eparate needles,
vestiges of the crystals.

Viith the passage of time there are formed on the ice surface,
first of all dark spots, then small lakes called melt-water pools. In spite
of occasional spells of freezing these pools continue to grow in size because
of the protective effect of the ice crust which forms over their surfaces
at such times. I have often observed pools of melt-water (with temperatures
above +1°C) covered with a crust of ice as much as 10 cm thick.

In pare sea ice the centers of absorption of the solar energy are
the brine-cells. They gradually increase in volume as their temperature
rises; this speeds up the downward movement of the brine and the desalinifi-
cation of the ice. Thus, through solar energy and heat condvction, changes
take place deep within the ‘ice. At first they scarcely show up at all so

.far as tho outer shape and size of the ice-formations are concerned, but
thoy diminish its strength very much. As sedmen say, the ice gradually
baecomes rotten.

Mcanwhile the pools of melb-uiter on hop of the ice continue to

prow, sometimes slowly, as when thoy are covered with ice during freezing
apolls, somotimos with considorable speed; as vihen they are completely free
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of ice. The melt-water penstretes into the fissures which are fournd in sea
ice, but it soon strikes layers of ice which &re still &t thet season con-
siderably below tke freezing point- the water then freezes, plugging up the
fissures and preventing the bilk of the water from drainircg away.

Thus the first #krwing of the snow on top of the ice leads to the
torration of pools of fredls ©aker whieh greduslly ifereasd ir size and liak
up one with ecother until at last they make ths surface of the melting floes
look like & sea covered with driftipg ice. £4All thet shows above the weter-
leyer (which mey reach a depth of one meter or more in the southern parts
of the Arctic Basir) ere the crests of hummocks and blocks of old paleocrystic
ice. These springtime pornds on ths ice are still less distinguisheble from
tho gsea itself if thers is a wirnd whick ripples the surfece and raises e
ligit swell.

The formeticn
of these fresh-water
ponds on sea-ice floes
during tre sumner is not
restricted to the southern
regions of the Arctic
Oceen, where such ponds
have long served es &
source of fresh water for
seamen. During the voy-
age of the Sadko in 1935
we often took on board a
hundred tons or so of
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T T T fresh water from a single
S T e ‘ leke on the ice in the
" ST e northwestern part of the
o2z ST S S~ Barentz See.
Stesmer' replenishing its supply of fresh water from During the drift

of the Frem, the crew
amused themselves by sail-
ing smell boats oa the
lakes which formed in summer on the ice fields, The crew of Station North

Polo also observed such lakes on their ice-field and were obliged to comrstruct
special drainage channels for them. The largest of these lakes was 200 by 400
zmeters in size and had a depth of 2.5 meters.

melt-weter pools on the {ce.

Any foreign substance in such ponds is naturally washed dovn into
the deepest parts., Likewise organic life accumulates ard develops in these
sumps, Because of the darker color of the accumulations, it is here that the
sbsorption of heat i1s most intense. Gradually the sumps deepen until they get
down to the sea water underrneath. Then the whole volume of melt-water pours
out below the ice, and in a day or two the ice surface dries off erd emerges
from the water. There remain only smaller ponds, some with their surfaces
ubove sea-level (no sink holes; water fresh), some with their surfaces AT sea
level (sink holes formed; waeter in them salty).

-9 -
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The top of the ice after the surface water has drained off is very
uneven, riddled with sink-holes and stripped of its winter snew-cover. But in
t{ime, particularly when fine weather sets in, dark particles on the surface
once more absorb the solar radiation and create a porous upper layer. Thus
is formed the summer snow-cover of ice-fields,

As was noted by Nansen and verified by the men of the Sedov, the drain-

ing away of the melt-water results in the formation, on the underside of sea
ice, of a layer of pure fresh-water ice. ®his fresh-waver keel ice is Formed

by the run-off of fresh water coming in contact with the sea water, the tempera-
ture of which at this season of the year is about -1.8°C. Thus according to

the Sedov observations, melt-water flowing out under the ice and freezing tc the
under surface added 5 to 55 centimeters to the thickness of the floes in the
course of the summer of 1939.

] The melting of the ice is particularly speeded up as-soon as the atmog-
pheric temperature rises above ~2°C. The ice is gradually weakened to such .an
extent that one or two storms are enough to break up fields which shortly before
possessed massive sirength. Most remarkable is the fact that from the external
shape it is very difficult to say how far decay has gone in a given ice-field.
Sea-ice formations melt as it were from the inside out, and the lasv thing they

_lose is their figure.

As the observations of the Soviet Arctic stations have showm, open
water may appear ia straits like Matochkin Shar or Yugorski Shar when the ice-
cover is still not less than a meter thick.

) Viith the break-up of the ice-fields during the Arctic summer, the
atretches of open water betiween floes are increased in size by the buffeting
of storms, and this gives the individual ice-fields some freedom of movement.
At sea one never finds two ice floes exactly alike. The wind and the ocean
currents, prevailing and periodic, get a different purchase on each floe and
set them in motion in different directions and -at different speeds. Hence
frequent collisions are inevitable; this causes hummocking and still further
opens up the channels between floes. The more open water there is, the more
violent are the movements of the individual floes relative to one another, and
the more strongly in evidence are the processes of melting and disintegration.

urface water warmed by the sun's heat becocmes chilled on contact
with an ice-mass, becomes denser and in consequence sinks to the bottom, More
water flows in to replace it. The result is that a continuous convection
current is set up, warm water flowing toward the ice-mass on the surface, and,
at some depth beneath, cold water flowing away from it. Thus every mass of
ice in the sea is a kind of automatic pump.

A similar thermic circulation is set up in the air. Over the opsn
water there is an evaporation and a cooling of the surface layers of water.
When the moisture-laden air passes over the cold surface of the ice floes the
water vapor condenses and the heat which was taken up from the water in evapora-
tion is given off again. These proceases are inevitable whenever ice and
water are in contact. The condensation of water vapor above the ice causes
the fog which is so frequeritly seen over Arctic ice floes in the summer

S6a30n.
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3. The Limiting Thickness of Ice-forration

rd

Very different sets of characteristic data might be used to describe
the climatic peculiarities of each region of the Arctic Basin. For understard-
ing the lce-cycles, however, we are most interested in two data, namely:-

1) The wintor increase in the thicknoss of the ice (asidc from
that caused by hummocking).

2) The summer decrease in the thickness of the ice.

Palaeocrystic ice cannot continue by natural growth to increase in
thickness without 1limit. If in any region of the ocean the number of degrec—
days of cold (that is, the sum of the daily means of below-zero air temperature)
and the amount of summer melting remain constant from year to year, then the
thickness of an ice-field which is growing only by natural freezing tends toward
a quite definite limit knovm as the limiting thickness of growth-fieids.

Thus with 6000 degree-days of cold and with a summer decrease of ice-
thickness amounting to one meter, the thiclmess of ice formed by accretion can-
not exceed 265 cm. Vith the same number of degree-days of cold and a summer
nelt of 30 cm; the limiting thickness of the ice rises to 790 cm. The limit
exists by reason of the fact that the thicker the ice the more slowly ifs thick-
ness will increase at any given air temperature. Ice floes reach the limiting
thickness characteristic of the Arctic region in question when exactly as much .
ice is freezing on in one winter as is melting off in one summer.

Let us suppose for instance that a hummock with an above-water height
of five meters and an underwater draft of about twenty-five meters ... which are
not unusual dimensions ... is carried by wind and current into a region of the
Arctic where the limiving ice-thickness is. three meters. Gradually (not within
a single year) the thickness of the hummock will be decreased both from above
and from below until after some years!' time the height of the part of the
hummock above water level will become equal to 50 cm and the draft of the under-
water part 250 cm. If to the same region there drifts an ice floe with a total
thickness of 1.5 meters, then in the course of time its over-all thickness will
grow to as much as 3 meters but no more.

Thus the limiting ice-thickness for any given region of the Arctic
is a completely determinate climatological characteristic of that region, in-
volving the two factors of w1nter growth and summer meltinge

In studying the question of how soon under natural conditions the
floes will reach their limiting thickness, I had occasion to analyse a very
intoresting phenomenon, namely the oquilibrium of ice and water in contact.

Suppose we put a plece of pure ice into a certain volume of pure
wator which is insulated perfectly ageinst any exchange of heat with its
surroundings. The ice may either grow or shrink in volums, depending on the
temperatures of the icc and water. The moment when the tcwpcr“tuvea of the
tro become oqual is'also tho mewent when conditions becom: such that thoy nay
exist side by side in oquilibrium,

-1l -
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This is & fact which hes very importent conseguences. In some books
on physics it is asserted tha® the temperature 0°C is the melting point of pure
ice or snow: otbsr textbooks say thet it is the freezing point of pure water.
Both these definitions are insaccurate,

The tempe-ature 0°C is tha temperature of pure water et xhich & piece
of ice put into it will neither grow rnor shrink in sizs.

Diis 45 % BCintstoh whiCR ©111 Bive nd & regpsy eonccnt £€ the pemnesc:
tures at which sea wator freezes and sea ice malts, these temperatures being of
. ccurse dependent on the salini;
Lot us now proceed to supposs
S S —— —_— thet & certain ice floe is
carried by the wind fron the
; T region where it was formad inte
a different region. Then depsr;
ing on the relation between ti
tempereture of the water aad
thet ¢f the ice-macs, end deper
ing also on the relation betwae
the thickness of the floe and
the limiting ice-thickness in
the new region, the Iloe will
i either increese or decrease in
S size; in other words it will
ot e e — B - eitber graw a bit or melt a
bit orf.
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Bummock barrier off-shore.

But &ny accretion to
the ice will entall an incrsese .\
salinity of the surface layers of the water, because ice is elways less saline the:

‘ the water from which it is formed; melting of the ice on the contrary will enteil ¢ f
decreasod salinity of the surface water of the sea. o
o
From celculation and observation it may be shown that tHe limiting ice- v
thiokness in the central part of the eastern sector /eastern longitudes/ or the I
Arctic is less than the meen thickness (teking into account hummocks) of the ice ir B

the marginal seas of this sector,

What is more, hummocking is at its maximum when ice-fields are being
driven egainst fast ice or the shore (in thase marginel seas). In the Arctic Basin
itself Nansen only occesionelly sighted a hummock as high a8 seven meters. The
height of the largest hummock surveyed by the Sedov ... on March 24th, 1939, at pr
86023' N and 109° £ ,.. was 6.1 meters. In the marginal seas the hummocks reack a
much greater height, and they are more frequent than in the Central Arctic., For
instance in April 1944 in the Chuckchee Sea off Koliuchin Island the hummocks reache lo
as mich as fifteen meters in height. In March 1941, Aircraft N-169, at about 75° N
and between 160 and 165° E., sighted hummock formations which in shape and size wer:
comparable to icebergs. . th:
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Yhen such mighty ice formations, built up during the winter in the
rarginal seas, are carried into the Arctic Basin, they gradually decrease in
thickness, the ice melts, and the surface layeras of the water under the {loes
become somewhat less saline.

During the Sadko expedition of 1935 thas surface salinity in ‘thse
northern part of the Kara Sea was less than it was on approximaiely the 79th
parallel between Franz Josef Land and Severnaya Zemlia. In the region of the
pole of Inaccessibility# the salinity of the surface waters gradually decreases
as one goes northward from the latitude of Wrangel Island. According to the
station North Pole observations, the salinity of the surface walers is ieast at
the Polz itself, and gradually increases toward the south. Thus in the central
part of the Arctic Basin the salinity of the surface waters is not being in-
croased by formation of more ice but on the contrary is being decreased by ice
z21lting; consequently, as I was able to demonstrate, the waters of the Arctic
213in are separated from the fresher coastal waters by a unique zone of water of
nigher salinity, extending approximately along the continental shelf.

This is one of the phenomena explained by the fact that in the Central
Arctic the limiting thickness of ice-formation becomes less.

The Sedov people during their drift devoted much time to ice ob-
servations. Besides describing the composition of the floes and their snow-~
cover, they took measurements every ten days of the thickness of ice formed by
natural growth, that is, without any hummocking.

Similar data obtained by the Fram indicated that the thickness of
snooth ice-fields, formed by natural freezing and growth, might re2ch as much
as 635 cm. The Sedov drifted farther north than the Fram,## yet the thickness
of smooth floes never exceeded 220 cm. This illustrates the fact that at the
present time a warming-up of the Arctic is taking place. On this very
interesting question I shall have more to say later.

Morcover the Sedov observations again confirmed the following
principles:—--

(1) The accretion process continues even in summer, because of the
low temperatures of winter being held over in the interior of the floes.

(2) A floe which has becomo saturated with water during summer fron
the melting of its snow covering takes a long time to cool right through when
cold weather sets in, and until then it does not increasc in thickness. Thus

» 00%N [75°% approximately. Tho point for which the sunmation of distances from surrounding land-
nasses [e a maximume

o 300 Frontlsplece Hap 1.
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in the region of the Sedov drift the ice did not begin to increesse in thicknes,
until sbout the first half of December, in spite of the fact that the atrosph::

temperature had fallen below zero Centigrade by early Septermber.

Thus it

- nnr
00u_

about twc end one-half months of the eutumn for ths ice to cool right through,

As I have sald, the thickness of paleeocrystic ice depends not orly :.
the number of degree-days of cold, but also on the emount of summer melting.,

In the region of the Sedov drift, the degree-deys of cold per winter
What thickness of ice ought there to have been on the
Sedov's course, far different amounts of summer melting? Below are given sorme
figures calculated on the basis of & formula derived by myself fror the cbserva.
tions of a large number of Arctic stations.

smounted to about 6000.

Sumrmer melt Ice of 1936 Ice of 1937 Ice of 1938 .
(in cm) formation forpstion formation
10 32 279 196
50 291 253 196 -
100 241 225 196
150 208 205 196 '
From this table'it is clear that to explain the smell thickness of =

the ice in the region of the Sedov drift we must suppose the summer melt to s

have been increasing in recent years.

The thickness of the ice field of Station North Pole was three meters, oF

The question neturally arises: where had this ice been formed, and from where at:
bad it been carried to the North Pole? Lhe

It is imnediately epparent that Station North Pole's ice-field mst

have originally been formed in mch more severe regions of tks Arctic, where A
the number of degree-deys of cold is somewhat graater and the summexr melt con-~ th
siderably less than in the region of the Sedov drift. so
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h. The Ice-Packs

The Burasian sector of the Arctic differs in meny ways from ths
american sector. For one thing, it is cut up into separate fingers or seg-
rents by patches of islands and archipelagoes extending northward far out
from the mainlard. Bear Island and Spitzbergen divide the Oreenland Sea from
the Barents Sea; Nova Zemlia and Franz Josef Land divide the Barents Sea from
the Kara Jea; Severnaya Zemlia divides the Kara Sea from the Laptev. Sea; the
Liakhov and New Siberian Islands divide the Laptev Sea from the East Siberian
Sea, and Vrangel Island the East Siberian Sea from the Chuckchee Sea.

Though all these seas, as I have said, are really nothing more than
bays of the Arctic Basin, there is nevertheless set up in them a circulation
of cyclonic nature which is especially well-marked in the winter season. It
is caused first of all by the fact that along their southe.n shores the water
warms up more thoroughly, and in the second place by the great volume of run-
off from these shores. In the Greenland and Chuckcnee Seas, where there is
almost no influx of land water, and to some extent in the Barents Sea, a
similar role is played by the warm waters of the Spitzbergen, North Cape and
Pacific Currents flowing in from the south.

As the lighter coastal waters (lighter, because they are warmer on\
because they are much less saline) flow northward, they are deflected by a
force due to the earth's rotation and urged over against the western shores.
of Spitzbergen, Novaya Zemlia, the Taimyr Peninsula, the Liakhov and New
Siberian Islands, and Alaska. On the other hand the surface water and ice
of the Arctic Basin are sucked in along the eastern coasts of the said
archipelagoes. This simple system may be very much complicated in one region
or another by the contours of shore-line and sea-bottom, and likewise by
atmospheric circulation; nevertheless its basic features may be traced in all
the seas of the eastern sector of Arctic.

Let us imagine that at the height of the Arctic summer (end of
August and beginning of September) we make an ice-reconnaissance flight from
the coast of Greenland across to Behring Strait. In our course we should
sce one stretch after another of open water free of ice, alternating with
accumulations of 8/10 or 10/10 ice, that is, ice occupying from 80 to 100
percent of the :available space. If we repeated this Arctic trip at the
same season of the following year, ws should see that these accumulations
or ice-packs and the open ice-free stretches of sea are located in a general
way just about where they were before. From this we might conclude that
their distribution is not governed by chance but by some law; that it is
indeed completely determined by definite geographic agencies,

We might further notice that some of these ice-packs arc like
tongues or spurs jutting out from the pack-ice of the Arctic Basin and
are being continually replenished by ice from the north. Others are at
the end of summer completely cub off foom tho Arctic pack/. Thoy are
mainly formed by ice of local origin, in most cases by broak-awazy fast-
fce. Packs of the first type are considerably more permanent than those
of the second type.
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Among the packs of the first type are:-

The Greenland Pack, a tongue of the Arctic ice which descends to
the south along the eastern shores of Greenland and then rounds the southern
tip of the island into Baffin Straii;

The North-east Barepis Sea Pack, which descends, first to the
aolibh and tHeR 48 48 EGULAWEST along U6 adulBli and mbilbl=8ikheig eaade
of Franz Josef Land;

The Taimyr Pack, which descends to the south along the eastern
shores of Severnaya Zemlia and the Taimyr Peninsula;

The Aion Pack, which descends along the wvestern shores of Wrangel
Island o Aion Island and "in turn feeds the Chukhots' Ice-Pack, 2 tongue of
ice extending to the easit along the northern shores ¢f the Chukhotsk Peninsul:,

These southward-hanging tongues of pack-~ice are replenished at the
north and consumed by melting at the south. In those years wkeoa the amount
of melting exceeds the amount of feed-in, the pack as a whole occupies a more
northerly position. At times these packs break up into sectionsj; when this
happens, each section broken off might be considered as an ice-pack of the
second type.

Among the ice-packs of the second type are:-
The Spitzbergen Pack, which is gradually moving south arnd feeding I3

the Bear Island Tongue which rounds Spitzbergen on the south (the so-called
Southern Ice-pack of the Greenland Sea);

The Novaya Zemlia Pack, which extends along the eastern shores of
Novaya Zemliaj it consists of local floe-ice and in warm years it disappears
completely;

The Sevefnaya Zemlia Pack, on the south-west coast of Severnaya

Zemlia;

The Viest Taimyr Fast-ice Pack, formed basically from break-away
fast ice from the straits between the islands off the coast of Khariton
Laptev;

The Yana Pack, which is formed from the fast-ice north of the
mouth of the River .Yana.

, If we look at the distribution of these ice-packs, the first thing
which strikes our eye is that local packs build up in stagnant zones, that
is, where steady currents are almost non-existent.

Our 2ttention is furthermore dravn to the uniformity of concentra-
tion of the ics in these packs. Their area may decrease, halving itself
sevoral times over, and the pack as a whole or sections split off from it may
move about to a considerable extent, but the concentration of ice remains
approximate%y the same, namely higher than 7/10.
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Yoreover the fringe of an ice-pack may be either close-packed or
straggly. A close-packed fringe is caused by winds driving toward the main
body, a straggly fringe by winds driving away., Vhen your ship is approach-
ing the straggly fringe of a pack, you first encounter smail cales of ice
broken ¢ff from the main body; these increase in number and size (i.e. the
coefficient of concentration or ice-coverage increases), until finally you

have the large floes and ice-fields which so to speak constitute the real
framework of the paake.

This /graduation of sizes/ is explained by the fact that ice
formations which are small and do not draw mucii water can get under way
faster and drift faster with the wind than the larger masses of deeper draft.

Yhen the wind changes and blowrs toward the paci, -only a portion of
the ice which has broken away returns, and what returns is much reduced in
size. Most of it has melted in water more thoroughly heated by the sun.

Ice floes disintegrate most rapidly or contact with warm water,
and tho less concentration of ice there is on the sea the more rapidly the
zelting proceeds. Thus according to my calculations the melting process
will diminish the concentration of the ice-cover from 5/10 to 1/10 in half
the time it takes to decrease it from 9/10 to 7/10.

A1l these facts go to explain why it is that although the ice~

packs decrease so much in size during the summer they nevertheless maintain
thoir concentration until they finally break up.
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5. Glaciers

In the Arctic regions, and also in some regions of the temperate
ocean latitudes, we may encounter ice-masses of glacier origin, distinct in
shape and characteristics from marine ice~formations.

On the high mountain ranges of the temperate and equatorial lati-
tudes and more particularly in the Arctic regions, where the summer ns=li is
less than the precipitation each winter, there tzkes place a steady accumnla-
tion of snow in every hollow or depression. lMoreover, sncw from nearby higher
places is carried into these hollows by the wind or by its own weight.

As the blanket of snow becomes gradually heavier the lower layers
arve packed hard, and through the effects of the pressure, which lowers the
freezing point,; these layers are slowly transformed. The first step is the
formation of lirn icc, consisting of separate granules of ice ¢© a white
colorj; then bubble ice is formed from tns granules freezing togethar along
with a great quantity of air bubbles. The final step of the transformation
produces blue glacier ice,

. Glacier ice is sharply distinct in its composition from sea ice,
‘oter obtained from melted glacier ice is practically indistinguishable from
distilled water. .

Glacier ice consists of irregularly rounded granulations, each of
which is a crystal. The granules sometimes reach the size of & pigeon's egg;
and the deeper they lie the larger they are. In the Alps, crystals have been
found weighing up to 700 grams. It is believed that the growth of these
areanules is due either to water from melted ice getting into the spaces be-
tween the crystals, or to the larger granules absorbing their smaller neigh--
bors. It seems characteristic that every accumulation of ice in time acquires
a granular structure, and glacier ice, particularly at the glacier Iront, is
always very ancient.

In addition to its granular structure, glacier ice is characterized
by stratification and banding; on the faces of the vertical walls of glaciers
and icebergs one may see that the ice-mass is made up of a succession of more
or less wavy white and blue strips. Some scientists believe that thess strata
have something to do with precipitation cycles. This is indicated by the fact
tnat in southern glaciers the different strata are separated one from another
by the dust which blows on in summer. Others suppose that the stratification
of glacier ice comes about through one layer slipping relatively to the other,
At ‘the junctions of these layers blue ice is formed by meltirg and pressure,
while the body of the sliding layer, consisting of firn ice, remains white.

A third group of scientists is inclined to admit that both factors play a part
in the formation of stratified glacier ice. The peculiarities mentioned
allow us to regard glacier ice as praésure—iqe,_}n contrast to thermic ice

formed froir the sea.

When a hollow place gots filled up with snow and ice, the glacier
ice begins to flow out of- the region where it has accumulated.
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The plasticity of the ice and its ability to flow domn valleys is
a most notable property of glaciers. The speed of glacier movement is
approximately one ten-thousandth that of the speed with which water flows
(with the same amount of slope).

Vthen they flow, glaciers, exactly like rivers, detour around iso-
lated high spote, split into branches, and gather tributaries into themselves.

In the tropical and moderate latitudes the basins of snow and ice
which feed the glaciers are found in valleys at high altitudes, between the
ridges and crests of the mountains. The glaciers flowing out of these basins
gradually break up and melt at their lower ends and finally give rise to
zmountain rivers.

As we come nearcr to the pole, the snow-line descends lower and
lower, and the glacier fronts begin to dip dowm to sea level. Here the
glaciers form part of the coastline, change the contours of the neighboring
sea-bottom, and constitute an inexhaustible source of icebergs ... masses of
glacier ice floating in the sea.

In some regions of the Arctic there exist great ice-shields which
cover whole islands; in the Antarctic there is a whole continent covered by
sech an ice-shield. "The principal differcnce between the Arctic and the
intarctic, as we have indicated, is that there is an immonse continent at the
heart of the latter, while the center of the former is occupied by the deep
arctic basin. The great mass of Arctic ice is sea ice; that of the Antarctic
is glacier ice.

The most ice-bound territory in the Arctic is Greenland, in which
i3 concentrated 907 of the glacier ice of the northern hemisphere; it
occupies 1,900,000 square kilometers of this island:s total area of 2,100,000
square kilometers. The continental ice-sheet of the Antarctic occupies an.
area of 14,000,000 square kilometers, of which 11,300,000 square kilometers
lic over dry land and the remainder in great tongues of ice over the sea.
Some of these tongues, LO kilometers or more wide, stretch 1LO kilometers out
to gsea.

In the northern hemisphere, continental ice-caps or mantles des-
cending to sea level are found on the shores of Baffin Strait as well as in
Greenland. Various other ice-caps are found in the American sector of the
Arctic on Bylot and Devon Islands, on Axel Heiberg Land, on Ellesmere Land
and on Baffin Land. In the Eurasian sector of the Arctic, ice-caps or
mintles are found on Spitzbergen, on Vnite Island% and Victoria Island, on
Frang Josef Land, on Novaya Zemlia, on Ushakov Island and on Severnaya
Zemlia, East of Cape Cheliuskin ice-caps may be seen on Benneit, Henrietta
and Jeanette Islands, but it is only on Henrietta Island that some small
glaciers reach the sea.

A fact to remember is that 16,000,000 square kilomoters of the
surface of our globe, that is, about 11% of all the land arca, is covered

with eternal ice. In the northern hemisphere ice-caps cover 2075 of Tenland,
31% of Novaya Zemlia, L2¢ of Severnaya Zemlia, a little less than 90% of

* Ses pages 22, 30. (Tr.)
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Greenland, 90% of Franz Josef Land, and 100% of Vhite, Victoria, Ushakov and an
Schmidt Islands.

The ice-sheets of the northern hemisphere are distinguished by the on
fact that the most northerly land-areas, the northern coasts of Greenland and yed
Ellesmere Land, are free of glaciers. Glaciers are almost non-existent in the
Labrador too, which has a very low summer temperature (about 7°C) and is cov
moreover situated on the course of summer cyclones. Likewise they are almost g
non-existent on all the northern coast of Spitzbergen. TFrom this it follows Jev
that for glaciers to form it is not enough to have high latitudes and low the

summer temperatures. Neither is height above sea level enough in itself,
nor a large expanse of land. Witness for instance thé very small Victoria

Island (8 kilometers long), situated between Spitzbergen and Franz Josef Land; ned
it is almost completely covered by the ice, while islands of ccnsiderably ve
greater height and greater size on the map, and indsed with a more northerly sho
location (off the northern shores of Spitzbergen for instance) have no ice- or

cover., To this question I shall return later.

There is no doubt that the most important factor, other things be- pea
ing equal, is the precipitation. It is knowm for instance that on the drier wha
northern side of Iceland the snow line is found at 1100-1300 meiers above sea of
level, while on the southern side, which has a damper climate, it descends des

to 600-800 meters, that is, 300-500 meters lower.

Of all the ice-sheets in the northern hemisphere, that which has
been most studied is the glacier ice-cap of Greenland. This ice-cap has
several different crowms and on the 70th paraliel reaches a height of 3150
metersy north of Angmagssalik, Mount Forel rises 3350 meters. In its western
part the thickness of the ice is nearly three kilometers. If the whole mass
of the Greenland ice were to melt, the level of the oceans of the globe would
rise approximately 8 meters and meny coastal cities would be submerged. For
purposes of comparison I may add that if all the ice covering the Antarctic
continent were melied, the ocean level would rise 23 meters. If all the ice
on the globe melted, then the World-Ocean would rise 50 meters. It is be-
lieved that during the last glacial era the ocean level was at least 100
meters lower than at present.

Between its northern and southern crovms, a little north of the
70th parallel, the Greenland ice-shield is crossed by a deep trough. The
ice flows dovm the slopes of each crowm into the irough and then dovn the
trough to the sea, mostly to the Baffin Strait side, because the climate is
milder there, and also because the eastern rim of the ice shield is higher
than the western. It is the existence of this cross—trough which explains
the fact that mosi of the Greenland icebergs are calved betireen 65° and 70°
north latitude on the western side of this island.

The speed at which some Greenland glaciers crawl along is quite
high, for instance the Karayak glacier on the western shore (70°N., 500v.),
vhieh has a maximum width of 5.5 kilometers and an ice-face height above
sea level of 100 meters, moves at a speed of 20-25 meters per 2h-hour day,
almost twenty times- the speed of the fastest-moving Alpine glaciers. The
Jakobshavn glacier lying a little farther to the south has the same speed
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and coes not come to rest even in the winier season.

It should be mentioned that the speed of glacier movemen: depends
¢n climatic conditions. In cold years it slows down, and speeds up in warm
years. S0 too in cold years the glacier fronts advance, while in warm years
ney retreat from the sea. We get the impression of a gigantic ice-octopus,
overing nearly all of Greenland with its cold body, and extending oxr rotract-
ing its huge white tentacles from time to time. At the moment all these icy
devil-fishes, large and small (including that of Greenland), are pulling in
their tentacles, i consequence of the general re~varming of the Arctic.

I have already pointed out that the continental ice-sheed occupies
acarly 90% of the surface of Greenland, but if we take a ship around CGreenland
ze =ight never notice the fact. At the end of the Arciic summer we sce the
zhores barc of snow; we see either the cliffs which here they call nunataqs
or low spits of land.

The same impression is given by Spitzbergen, that island of sharp-
reaked mountains. Sailing along the Spitzbergen coast in clear weather s
rhal you see are these mountains. Many of them are strangely like the pyramids
of the desert, and they are half sprinkled over with the sand of the Arctic
desert ... SNOV.

Very different is the impression prcduced by the ice-cap islands.
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6. Ice-cap Islands

Glaciers are a natural phenomenon quite to be expected in many high
mountainous countries, for here the snow which is needed to form glaciers
accumulates in vast feeding-areas.

But thée 1s8w-6ap 161HHA3 a¥b & Big fcographia Fugmles THepa i6lenda,
in spite of their small height above sea level and their smail size, are
almost entirely buried under ice, which breaks off sharply at the sea's edge
to fora perpendicular walls of greater or less elevation., The ice-cromm,
reminiscent of the shell of a tortoise, rises smoothly to the center of the
island; which it covers like a cap.

Many of these islands are buried under their ice-cap completely
("completely" in the most literal sense of the word).' Among these are Brucs,
Raynor and Evaliv Islands in the archipelago of Franz Josef Land; also
Ushakov and Schmidt Islands, lying between Franz Josef Land and Severnaya
Zemlia. In other cases, only small low-lying spits of land project from
under the ice wall. Of this type are Vhite and Victoria Islands, which lie
between Spitzbergen and Franz Josef Land.

Aside from these which I enumerate, perhaps no other clear-—cut
ice~cap islands are to be found in the eastern sector of the Arctic, and all
of those mentioned I have had the opportunity to see with my own eyes.,

I saw my first ice-cap island in 1930. This was Gillis Landx or,
as we now call it, White Island. Ve anchored off this island in the motor
sailing-vessel Knipovich, and later cruised a2long its southeast shore. In
1935, aboard the auxiliary icebreaker Sadko, we skirted its north-west shore.
" Thus I have seen this island from all sides. It stretches in a southwest-to-
northeast direction, is about LO kilometers long, and 7 kilometers iwide at
its broadest part.

The whole island, except for two spits of land at its southwest and
northeast extremities, is covered with a solid sheet of ice, rising smoothly
to a height of 180-200 meters. At the sea's edge it drops in a steep cliify
20-30 meters high, with its upper rim somewhat overhanging the water. Blocks
of ice are continually breaking off this wall. The island is surrounded by
small icebergs, aground in shoal water,

In 1930, the same year as above, we took the Knipovich into the
Franz Josef archipelago where we circled Bruce Island and anchored off shore,
In the case of this island there was not a single patch of ground that I
could see., The ice-crown descends smoothly into the sea without a break.

In 1932 we cruised completely around Victoria Island (80°09°'N.,
36°42'E. ), made a landing, and raised the Soviet flag on this most westerly
island of the Soviet Arctic.

This island, in spite of its small size (7 x 3 kilometers over
211), is completely covered with a mantle of ice rising to 150 metors!
keignt, except for the small spit of land at its northwestern extremity on

% Sea pagou 28-30, (Tre)
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xhich we raised the flag. The ice-cep breeks off in a skerp cliff et tke
sea's edge, jJust like that on White Island, bub not so high. On examining

it at closer renga, it was seea that the ice~wall of the island was aot
uniform tut consisted of horizontal, slightly wavy strate of different thick-
pesses. Each of these strata sesms to shcy ths climatic conditions exist-
ing st the time it was formed. The less the precipitation and the grester
tbe summer heat, the thinner the laysr formed during the year in question.

In the seme year 1932 and on board the same vessel we skirted
Hyidtland, discovered by Nensen in 1895 when he was returning to Franz
Josef Land after an unsuccessful attempt to reach the North Pole.

Hvidtland is really a "white land". There is not & point of lezd
showing; Jjust a solid glacier descending to the sea, ir soms places smoothly,
in other places abruptly. Around this islend we did not see a single ice-
berge.

Nansen reported that LHvidtland consisted of two fair-sizad islands,
which he called Eva and Liv after his wife end daughter. We however showed
that these are really only one island, consisting of two heights of land
separated by a trough, thus giving the impression that there are two islands.
The impression i8 strengthened by the fact that along tha eastern side of the
western height-of-land thers are cliff-tops showing through the ice. On my
suggestion this reunited island was named Evaliv.

In 1935, as I have
mentioned, we took ths
auxiliary icebresker
Sadko along t he northuest
shore of the sea and dis-
covered an ice-cap island
which we named Ushakov
Island, after our femous
explorer of Severnaya
Zemlia,*

It 18 by the way
P . - interesting to note the
. circumstances under which
A typ ic?ik:::;:gp b;s;}:? ﬁéegzl;kalicgv)}sland this island was discovsred.
At the time we were pro-
ceeding southward aloag
) the western edge of the
Sadko Bank which we had discovered. The weatbher was foggy end visibility poor.
We had been sighting icebergs among the floes through which we were forging
ahead. The smooth rounded-off shape of these bergs testified that it was some
time since they had broken off from their parent glacier. Indeed soms of then,
it seemed, bad already rolled over; this at least was indicated by their dirti-
ness on top. Yet as we proceeded to the southeast the icebergs became "younger”
They were whiter and their edges were sharp-engled. Our heads buzzed with

% See page 33. (Tr.)
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speculation and guesses. One of these guesses, which

strengthened, was that the birthplace of the icebergs was sonewhere not far nYide

the evidence gradually

off. Ve began to search in earnest, and suddenly through the fog an islund

showed up, vwhich we were approaching from the north.

A small party was sent

ashore. Later we had a chance to approach Ushakov Island from the south also. nhriy
Apparently it is entirely covered with ice. wGils
Buring the sams veyage we cireled Ochmids Islund, diseevered in
1930 by the Sedov, and given this name by the expedition in honor of its thed.
leader. Schmidt Island resembles Ushakov Island. ciss
23 ¢
The ice-cap islands which made the strongest impression on me ware g
White and Evaliv. Possibly this was because I saw them under surprisingly
clear weather conditions. of o
lop
In the middle latitudes the finest time of the day is considered ,iﬂé
to be the morning or the evening. To reach us, the sun's rays have to come als
a langer way ..rough the layers of the atmosobere than at mid-day; hz@nce at over
morning and evening time they are more briliiently colored. But the morning rind
and evening in the middle latitudes are short. In the high altitudes however leve
the sun is so low in the sky, even at noon, that the morning or evening type 1vin
of lighting is all we get. This is the secret of the enchantingly fine Arctic the
days. In the summer season of the high latitudes there is no full day. Thars tha
is a long morning which goes over into a long evening. dist
I saw Evaliv Island under the noonday sun. White Island I 3aw at
'noon and also at midnight under a full moon which never set throughout the stag
2li-hour day.
Here is an extract from my log book concerning our cruise in the beyc
vicinity of White Island in 1930. they
are
"Ve are r1d1ng at anchor off the cliff-wall of the glacier, on
"top of which there is a white bear coming towards us dowm to the edge of
"the precipice. He comes to the glacier edge and surveys us for a time, to t
"then, apparently not finding in us anything to interest him;, he lies down the
ufor a while in the snow. Then he gets up and goes off up the slope, vanish- 14k
"ing in the foge. , Scvie
paxi
" "The wind has gone down completely and the fog is gradually cieax-
"ing, The full moon illuminates the icebergs which surround us and the
"glacier-wall off which'we are anchored. The snowy cap of the island}looks 407
“1ike an inverted bowl of dull silver, sharply etched on the background of vies:
"the yellowish dawn." and
Later, concerning my daytime 1mpress1ons when we were- skirtving
the island, it says in my log:— fro.
"To speak the truth, there are few landmarks on Gillis Island.
"It is really nothing but a snowy round cheeseloaf, broken off av the geatls Gro
"edge in a vertical ice-wall 10 to 12 meters high.® vor
hapn
int
-2l - “ (
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“There is a light west wind blowing. It is a wonderful zmorning, &
s1ittle misty and overcast ............ Ve are turning northward .,........

"It is gatting clear. The vhole island visible. Behind it the
spripht, blue sky. The sun's rays are coming from somewhere and turning
’3‘.1113. ice-Wall intO golden Cl'ystal Q,Qu...t.‘.“

Theso island ice-caps differ from ordinary glaciers, which sqooze
«heir way along between banks, mainly in their absolute lack of surface
¢izsures or irregularities and their one unvarying slope, of approxicately
2-3 degrees.

" A most unpleasani thing about the ice-cap islands is the existence
-7 so-called katabatic winds, that is, strong cascades of air dovm ths cold ;
2)-~¢e.  Such winds have becn observed elsewvhere, for instance along the \
~2-: of the Antarctic continent. The British Polar Air Route Expedition
<20 noted-these winds at its main base in Greenland. At Angragssalik how-
1700, @ fer miles avay from the base, there tiere only feeble or moderate
s. from this it is supposed that these katabatic winds occur at lovw
~+215 and soon die out because of friction and admixture. Vhen we were
, off Vhite Island in 1930 we too observed this kind of wind. Dom
.+ slopes of the Island; raising a dust of snoir and breaking the crests of
*s0 uaves along shore, there came rushing a wind of storm force. Yei 2% a
swstence of two or three miles f{rom the shore the sez was perfectly caln.

[ I a7
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The ice-cap islands are usually surrounded by icebergs in various
stazes of break-ups that is, of various ages.

These isiands are notable, first for the Fact that they all lie
tsyond the €0th parallel betucen Spitzboergen and Severnaya Zemliaj second,
iy 21l lic among or not far from islands similexr i.. size, on which there
:re no great accumulations of icc and saai,

Thus fer instonce in the northwestern part of the Berents Sea,
vy thy south .of the typical. ice-cap islands Vhite and Victoria, there lie
.. King Charles Islands, which have nc ice covering to amcunt to anything;
ttzzudse to the northwosi there lie Foyn, Brock, Charles XII, and the
.-r:n Islandsy to the cast iles Alexandra Land, which in its northwestern
<ary 18 likewlsa devoid of ice.

Between Ushakov Island (of the icc-cap type) and the northernnost
:land of Novaya Zemlia lies Vizd Island,:¢ vhich has no ice-cover. To the
» 2t and east of Ushakov Island, tho adjacent portions of Franz Josef Land
«nd Sevornaya Zemlia arc comparatively ico-frec.

Hence the question arises: may not the ice-cap islands be relics
fren tho last Ice Age? Hangovors?

In this connoction it does noi seem veory likely to mo that
trodnland is a single islandy it is moro probably an archipolago like Spitz-
tarpon. With the gencral re-varming of tho Arctic, the first thing inat will
Lénpen 19 that channels will meli out and Greenland will bogln to fall spard
n%0 saparate islands., And of course in this process some of the islandy

o Cr, Wless lsland. (Tr.).
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themselves will in the end free themselves entirely of thelr mantles of ice, -
yi

This hypothesis perhaps finds additional support in the fact thet e
our present notion of Greenland as an island makss it the largest cne on %ay
the globe. 1Iis area is about 2,100,000 square kilometers, while the area Qi
of the next largest island, MNew Guinea, amounts to only 800,000 squars s
kilometers., -

The great numbers of icebergs which we encounter off the shores
of the ice-cap islands, particularly those which stand isolated like \xzite,
Victoria, and Ushakov, are furthermore an indirect evidence that these
islands are even now in a stage of disintegration. They have a precipitation
(on Franz Josef Land it is about 500 millimeters per year in the south and
about 300 millimeters in the north) which is insufficient to balance what the
ice-cap expends in calving icebergs.

I should point out that gliaciers may be féd by more than just the
visible forms of precipitation. Clouds made up of strongly over-.. sied water-
droplets may cross the cold summits and Geposit hoar-frosi.

The impcriance of hoar-frost in glacier-feeding is a matter on
which very little light has been cast, but it is known that in Swedish
Lapland at a height of about 2000 meters, and in the Alps at heights of
2000-3000 meters, a considerable accumulation of this .:Ind of precipitation
may form.. In the Arctic lands hoar frost may have a quite important part
to play, and it may play an even more important pari in the case of isolated
ice-cap islands. However, it would scarcely be enough to make uvp the amount
of ice expended in calving icebergs

Finally it is necessary to emphasize that the riddle of the ice~
cap islands becomes still more complex if one takes into consideration the
_following facts:

Vnite Island, the ice-cap of which rises 200 meters above sea
level, is situated approximately at 80°10N., 33%., that is, 120 kilo-
meters north of the King Charles Islands.. On these King Charles Islands,
which as .already stated have practically no ice-mantle, marine terraces
have been found at heights of. up to 2LO meters, heights about the same
as that of the Vhite Island crowvn. This testifies to a general upheaval
of the region around White Island,

that is even more surprising, driftwood has been found at heights
of up to L5 meters on the King Charles Islands, and of course it could
not have been thrown to such a height by the waves. This fact; even more
convincingly than the terraces, testifies that the islands have risen,
and indeed not so long ago. It is a well-known fact that there are almost
no bacteria in the Arctic and things therefore rot very slowly. But we
cannot suppose that driftwood would be preserved in the Arctic for great
periods of time, '

On the other hand, it is well known that deer-horns have been
found on Franz Josef's Land, though no one ever saw live deer there. There
are deer on Spitzbergen. Thus for instance during the time the Hecla was
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1ying in Traursnberg Bay, from the 19th of June to the 28th of October 1627,
seventy wild deer were Nilled. Ve wonder how these deer got to Spitzbergen,
ysy they not have made Lheir way over the ice from Novaya Zemlia via Franz
s~sef Land, Victoria Island and White Island? Vho can yet tell what the

_~swer to this question may be!
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Tha follavlng ls an extract .com Chapter IV (not here transiztod)
of Zubov®s book which Is of Interest Ip connection with tha adove.

From the history of Arctic voyages we know that in the year 1707
Captain 5illis got to a point roughly 19 north of the tip of Spitzbergen,
without encountering ice. llere, & comparatively short distanee fre- tha
novtheastern shore of Spitzbergen. he glimpsed a very high land-masc, to
which the name Gillis Land was given. In the next 158 years; that is, from
1797 tc 1865, no one devoted any attention to this land-mass, and they were
cowsing to show it on maps.

VWichout going deeply into the history of this matter. I note that

or  Lritish Admiralty Chart (No.2282) compiled in 1872 and reprinted in 1928
v.ivh corrections, there were two Gillis Lands with slightly different spellangs.
inere was a Gilles Land at 80 to 80°10'N and 31 to 32°E, and a Gillis Land at

$1°30'm 36%E. The latcer was indicated in dotted lines on the chart, and close
to it were the words "according to Captain Gillis, 1707 A.D." This shows how
ceafused the question of Gillis Land had become. And all the while this island

was notv actually being sighted by anyone, alchough there were many who tried
hard to see it. S.0.Makarov thought he saw it on the lhth tvc 15th of August
189¢ . when the icebreaker Yermak was at a pnoini 30 or 4O miles to the north-
eas> of the Seven Islands (north of Spitzbergen).:

"Did we really sight land?" writes bakarov in his well-knovn book
“iThe termak in the Ice!. "I think we did, buv I cannot guarantee it. The
Mfact -hat tae shore which we sighied appeared %o be of variable shape in-
"dicet :s that it was at a greater distance from us than the Seven Islands,
"which according to our reckoning were 30 to LO miles away. If the distance
"wag greater, then the coast we saw was mountainous, and we must suppose it
M+ 5 have been about 200 miles from us. Hence,- judging {rom the bearings of
"ir3 ex.remities, this land-mass would have'a lengzh of 60 miles alosg the
e adians”

WIf this coast exists, it is not that of Gillis Land, whick is 160
%eilas Jff in a more southerly directicn, and it is not that of Franz Josefl
" and, 260 miies away. It must be a new land, which no one has ever before
“saghted, and which is awaiting its explore+,”

On September lhth to 15%h 1925 the English Captain Worsley, at
a-arontaately 80°927'W 30°U0'E, may have sighted this land,

"I cannot say for sure" writes Worsley, "whether Gillis Land
'uxiows, bub on two occasions we observed ... a little to the west of the
"position shown on the chart ... what looked like land."

On the 19th of September 1928, during the search for the remnants
of the Nobile Expedition, the icebreaker Krassin also made an attempt to
diphd Gillis Land, and set her course for that point where it was shoun on

Z.i,a1 chart No.2282. 9n this course the ¥Krassin entercd light ice at
umately the 30th meridian, and after pushing through it for 15 hours
;v 50 milies), had by dead rockoaing reached the point where Gill.s.
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_g:s W8S S£70W2 onr itle cheri. Iy z-, sighted no lsnd.

2 the 1%tk of Se:termser 1630 ' 2 Uonok the motor sailing-vsssel

¢nipovich, first northward elong the 33rc me:laian to the tirsady-kznown
ciilis Island, end then sz o 81020'N, wichout excounteri._ i.e. A: we .oo-
cezded, we e&gerly scanacd the Lor .zoz tc see if the mythic-: 2.3 Lané
40:14 &ppe&r. Scon we roached the ecge of the ice, which comperles us to
suts rirst eustward, .roz £inslly .outhwerd. Taus we did nc. sight eny
1erc, but the geologist M,V.XKlenov K o& woraing over ihe semp:iss o che se.
ot,om wnich we had taken, found ther they cefinizely conteined fine gravel .

pc-vative of shozl water or the exizvence of &n islend.

ir 1931 ..e Xnipovich goi &3 e north es 82°N on the meridiern of
-re sestern oip of Franz Josel land , without encountering ice. From that
51 she turned sovthwest =-¢, Tollowing ~he sdge of the ies, dropped down
to soyn enad Br xk Islards., 9Thus she egaeir z:s5sed tarough the locality wkere
<he British chart showed Gillis Lend, end sgein she discovered nothing.

Tn 1934 op boerd
r T e s . - T the rerzcus, .o wer in
the erea t¢ the east oFf
the Sevzer Islends, o
: the 3ré of September we
etesan z.. due north ¢
laetizede 81012° end Tiin
alopg -:e edge of the
ice, v. 2ch led us to
Foyr &28 Brock Islends,
‘ from wnere we proceeded
northward., To port
- - ; there wes ice, with ex
. . - occasional str.coch .-
o . open water. £ ligh®
O PON SRR Mo e et end very ¢o0ld [ uthszst
wind wes blowir.. T._cre
The Perseus. was not a cloué in wue
sky «nd visgibility v .3
excerlent. 4nd agaia
rt, northeast of the Seven Islends, we sew &s Maksrov did in 1899 the
-:aes of a far-off, mcuntainou. land., My people made skatczes of 10. 2.
+ tiis was very dlstent end indistinct., «#ho car guarantee thet it was uct
.2 .isult of refraction, the outlines of far-distent ice hummocks lirted vz
< us above the horizon?

On the suxiliary icebrezker Sadko in 1935, upon rourd:zg the Sever

-~.1d8 on the north and batterinz our way through the ice of? {25 northee. =ra
..ores of Spitzbergen, we came out into a large polynia, sexter’ing in & ncsol-
.cd-south direction between let itudes 80 and 810N, Again the weather was good
sod the visibility perfect, Just before ws got clear of the ice, the horivun
began to be obscured by fog. And ezein we thought we saw signs of lend. i
soon as th. fog came up, there appearsd on ths horizon northeest of Spitzbe:gen
a characteristic cloud, looking like =he mizty cap one sees covering glaciers
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end snowy mountiirn-tops when th= uirc -s wermish end dam_.. AL cufo.
rade sxatches of vae cloud, tool. its nomgass bearing and act: 71 18 .ol -
of the supposed lend-mess or the map,

A feu dgys later we once n..re fous curselves in thet semw .
This tine we were more persisi.at, ezd on the 1lth of fuguse we got tc
aorthern edge or the polynia. The w:sbher was not nea~:ly so good, but .-
decided to walt until it cleex3d  incending to solve the riddle of G.11i,
Land -y using our sircraft. £ *Ligk% made by Pilot Vaslov was nnsuc.:zl -
ful; a dense well of fog rose u_:zre . o expacted to ses lend. Anothe
raconnaissance was flown by G.A.Ushe ov, tke chief of the exr Jitic | .ut.
Pilot U.S.Babucrkin, tut egein withovs svccess: the seme dense well ° Zo-
rcse ir the northeast right where th- :z:d was supposed to be.

Does Gll1lis Land exist? Y=~ is not be that et a1 ges. .z,
»aw was just the result of tryinz herdé vo ses? Ver, .il.ely. loweve 2.
thing 1is certein., 1If .s teke an up-tu-date chart of tzs area north
Spitzbergen, we perceive that there i: soms mystery nicden in ha re lis .
zhe hypothetical Gillis Jand., 211 t!s edjecent roglon is coveold wiol Zu
scowing the courses of different vessols and expzditicns iz rec2nt | aps
<nd 1f 1is dotted with ths ceptk scundings which they Lzve meic. w, P
.eke & point at latitude 80°50%I longr < 22°E, &aé f;vm ttic coln. x
& 8straight line to the northeast, we ses that not one srio his -ver _.os:
this line or even coms mear to it. It is as thouga tlis 20izt uas jan &t
of 8 wedge-shaped sector of insccessibility sexztendirg wo the northec . .
Moreo-sr on both edges of the sector comparatively shallowx depths be”. be;
found. Even ir years which a2re exceptionally favoreble &s Zar as ic. coun
ditions are concerned, the whole of this sector is choked with hesavy {2
obastructing navigation.
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7. Icsuerzgs

Tne fronts of glaclers which come down to sea-level zraduasly break
. ar. pieces. The glacier, as we say, "calves", procucing icebsrzs of ail
ciz¢s and shapes.

As a rule, the more rapid ihe devmward movement oo .ae glacier trs
iaw:r Ohe icebergs it produces. Thus for instance the abe -g--wentioned swmalt-
'y uoving Jakobshavn glacier has a yield of about 1350 icebesgs a yez-, abuiw
_ of all the Greenland icebergs.

In 1928 it was sstimated that there were beiwsen L0O0C 2nd 8500 ice-
-2r_s at one time in the long narrow Ijord into which the Jakobshavn zlacier
» sends. i remarkable thing is that approximately ten times a year the line-
sreax thxough an
, dar: which is
-med at soms point
othsr; they then
-:f-, 1o the mouth of
.. -7ord, at first
i« - but finally
Lu: = speeG of ten Caiving of Iceberss
.9 ~iftesn kilonuters
er noure This move-
~:v% 'z accompanied by a terrific noise and contisues for scme days.
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The Jakobshavn glacier has a total width of 7.5 kilometers «nd 2
ze..7ht of 2bout 90 meters above sea level, It seems to produce the togzes™
aw the most fantastically shaped icebergs in the northern hemisphere. ILiks
~ost siift-moving glaciers, it has the peculiarity that the icebergs it calves
rise h.gher out of the water than the glacier itself. For instance, icebe:gs
are sec~ here which tower 14,0 meters hizh above the water.

The size of the icebergs depends in part on the speed with which
tho glacier is moving, but is also affected by the vertical and horizontal
dimonsions of the glacier. In this respect the icebergs of the northern he:is-
phoere :imply: cannot compare with those of the Anterctic. The heigit of the
larzest Greenland iceberg ever recorded was 149 meters. The Eas% Greenland
icobergs are of considerably lesser size: the bigzest of them had a helght
of 70 r.cters and a length of about one kilometer. The largest iceber, ever
on v -iered to the south of Newfoundland (v.here almost without exception ail
L. .0 Gresnland icebergs are carried) was 87 meters high =znd 565 miters
o.0e Yot antarctic icebergs not infreguently have a length of some tens
xil-neters. The exploration vessel "Jilliam Scoresby" came across an
obery in the Antarctic which was about 280 kilometers long z.d abour 20
xilomes 2rs troad.

ko~ O )= ¢
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After an jceberg has broken away from the glacier rront. ii begins
2 drzft abo % under the influence of winds and currents. Jisiategrating
Jadually and changing its original shape, it is carried out to seaz or
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stranded in coastal shallows, Tt i« belleve” that the .xci.c icebergs which
e carried into the open parts of the Avlanvic Ocean selaom nave a lifetime
of rore than two years. Antarctic iceberys, whxch encounier severer climatic
and hydrological conditions on their course; nsy have a lifetime of ten years
are nore.

) In ¢ho Greerland Sce and the Arctic Ocean, icelinrgs are only of
local importance. It is estimated the. aubou. €00 siadl i.ebergs are calved
eacl *-ecr in cae Eurasian sectos of the Arctic,

In the northern hemisphere the icebergs of Bafiin Strait arc most
important. They are carried out to sea llong with vhe floe-ice by the Labrador
current, and cut across the very busy shipping routes between Zurope and the
princinal North American ports. Although the total volume of the Baffin Strait
icetergs is only 2 percent of that of all the sea ice formed each wintar in
thoss waters, they nevertheless are a serious menace to navigation. Many will
remember the loss of the steamship "Titanic" on its first crossing of the
Atlantic in April 1912. The Titanic siruck an iceberg at Lh1916°'N 490h6*W and
sark; 1513 persons lost their lives.,

In the Burasian sector of the Arctic, icebergs are found in the
nts Sea (mainly in its northwestern part), in the Kara Sea and in the

B N
a2v Sea.

are
Lasz

The glaciers of Spitzbergen do not produce any sizeable icebergs
tc speak of. A% least, during our cruise on the Knipovich in 1930 we did
not sight a single iceberg from Hope Island to White Island.

On our 1930, 1932, and 1935 voyages we observed many icebergs off
Whiiz Island, to the south and also to the north. These icebergs were small
zna vertical-sided. In most cases they had gone aground, clustering apparently
on - 2ricus banks at short distances from the island,

Off Victoria Island, which we circled in 1932, there were few ice-
bergs and they were of small sizej for the most part they too were stranded
on saoa-s.

There are more icebergs off Franz Josef Iand. They may have a
neigny of up to 25 meters above sea level, and a length of as much as a
Y._ometer. Leigh-Smith mentions one vhich was some miles long. The ice-
cube shape of icebergs is shown most clearly of all in this region. It is
pcssible chat this shape has something to do with slow glacier movement.
Thus the glaciers on Hooker Island move at a speed of 12-17 centimeters a
day; a little more rapidly in summer. One glacier on Rudolf Islznd showed a
speed of 9 cenbtimeters a day during the period April 2hth to August Ltn, 19333
a stake in the ice moved 9.13 meters ir that time., It is interesting to note.
that at the time of the Count d'Abruzzi expedition (1899-1900) the glaciers
on thie island had no discernable motion.

Tn this archipelage icebergs ure most numerous off the southwest

anc Aoroawest shores, if we do not count the straits, where icebergs may be
fea ¢ in the neighborhood of each glacier which comes down to the sea, Here
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tco it seems they are confined by off-shore banks. At the beginning of August
1928 the Sedov Expedition counted 2l icebergs to the south of Alexandra Land.

Bet een Victorla Island and Franz Josef Land icebergs are seldonm
encountered. At least in 1930 we saw only two or three of them, and when w
were rounding Franz Josef Land in 1932 we did not see even one; though the
visibility was goods Ab BHE same Limg wa sighted no icebergs {except in ihe
Straits) on our voyage from Rudolf Island to Hvidtland,* nor further to the
south around the eastern coast of Franz Josef Landy neither were there any
there on our 1935 voyage.

On the Barents Sca Coast of Novaya Zemliz icebergs are not as a
«1e sncountered at sea, although at the head of practically every Zjord of
.« northern island of Novaya Zemlia there are glaciers which come dowm to
w¢ water's edge,

Thus we must reckon that the zreatest producer of icebergs in the
czrents 3ea 1s Franz Josef Land. Some years these icebergs make astonish-
ing voyages.

For insiance, in April of 1929 a group of icebergs was sighted at
7:%%: 3L495'E. In the first ten days of May these icebergs turned up off the
vurman Coast,

The bergs had 'a height of as much as 12 meters above the sea.
Later they were swept on by winds and currents into the Wthite Sea funnel,
to hang around off the coast of Kanin Land throughout the month of June.

This was a course which icebergs very seldom take. It may be
explained by north winds driving them into %the North Cape Current, which
then carried them along the Murman coast. This instance will also serve to
show the longevity of icebergs, a characteristic which is understandable in
view of their great and ronolithic bulk,

In the Kara Sea along the eastern coast of Novaya Zemlia icebergs
are almost not to be secn, the reason being the same as in thec case of the
wes., coast: the system of currents and winds in that region drives them to
the shore. Furthermeore there are shallow bars which will not allow them out
of the fjords where they split off from the glaciers.

Many icebergs are encountered off Ushakov Island. In fact, as we
have seen, it was just because we unexpectedly met with icebergs that we
discovered this island in the fog.

According to observations of the Ushakov Expedition (1930-1932),
the ice-sheet reaches its greatest proportions on Komsomoletz Island, the
northern island of Novaya Zemlia, Here there are several ice-shields from
which glaciers descend into Red Army Strait. From this strait jcebergs
are carried by the winds and currents into the Kara Sea and to a still greater
extent into the Laptev Sea. Off the northwest ccast of Scvernaya Zemlia ice-
Lirgs are, it seems, seldom mot. At least we saw none du:ing our 1935 voyage

» Seo page 23, {Tr.)
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on the_Sadko. Off the southwest coast of Severnaya Zemiie icebergs are
encountered, coming majnly from Shokal!sii Strait,

In the Laptev S3a off Red Army Strait, the Sibiriakov counvzd 129
icebergs stranded there on shoals; apparently they had coma fre:m the said
Strait. From observational records we note the curious fact that since 1932
icebergs have been very rarely encountered in tho replon scuth of the ¢ightieth
parallel (with the exception of Shokaltski Strait). Only in 1935 did the
Yermak, on her course from Vil'kitzki Sitrait o Cape Lavrov, count 3C to 35
icevergs., -

Beginning in 1939 an increase has been noted in the number of ice-
bergs around Bol'shevik Island, to the west thereof, and in Vilikitzki Strait,
In 1939 these icebergs were mainly seen on the western and sovthern sides,
while in 1940 they were also seen on the eastern side. In this latier year,
1940, a great number of bergs was noticed on the course from Vil'kitzki Strait
to Tiksi Bight as far north as latitude 759 approximately.

. The indications are that in 1935-19k0, in the regions to the west
and southeast of Severnaya Zemlia, there was an iceberg maximum, an outbreak
similar to that noted off the Murman Coast in 1929.

It is supposed that the bergs which showed up in 19L0 off the
eastern coast of Bolishevik Island (in 1939 there were none) came from Red
Army Strait, in which they were particularly numerous. 7There it may be that
they accumulate for several years, ocked in the fast ice which does not break
up, until finally when there are exceptionally favorable weather conditions
they may be carried out to sea in great numbers all at once, just as is the
case with some of the glaciers of northwestern Greenland. One indicatlon
that such favorable weather conditions did in fact exist is the positive
anomzly of atmospheric temperatures observed in 1938 and 1939 at Cape Cheliuskin.

The well-knovn polar flier Padalka informed me thai, during a flight
on vhe 27th March 1943 northward of Franz Josef Land on the meridian of Rudolf
Isiand bevween 840 and 8L30'N, hundreds of icebergs were to be seen, their
number decreasing to the west of his course. Yet on the numerous flights
made at the same season by Soviet aircraft in connection with the establish-
ment of Station North Pole and approximately on the same course as the above-
mentioned, not a single iceberg was seen. Padalka supposes that his bergs
came from 3evernaya Zemlia. Calculations made by Karelin, according to my
methox of estimating the drift of ice along isobaric lines, have confirmed
Padrlka's surmise.

Mo less striking is the following fact. In October 19Lh3, three
«ilometers to the north-north-west of Cape Cheliuskin, a flat-topped ice-
vcrg was discovered, 1500 meters long, 100 meters wide and rising 10
m-tors high out of the sea, As the fliers informed me, they sighted this
urusual ice-mesa off the eastern coast of Severnaya Zemlia during ice-

i vonnaissance flightse.

Phat is still more surprising, in 1946 some icebergs were dis-
6o, e off the eastern coast of Wrangel Island, aground in shoal water, and
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in 1947 some were found off the western coast of this island. Until then,
no one had ever secen icebergs off Vrangel Island. Calculations which we
rave made give fairly good indications that these bergs came from a glacier
in northwestern Greenland,

"Icebeggs alﬁays intercst scamen, if only for the great varisty of
:1zpes wnich they assume and their fantagtic esleretien unrder JilPercht ois
iivicns of illumination. It is an unforgettable picture; z glacier lit up
sy the sun's rays and descending to the edge of the water, where it is fringed
xith broken-off icebergs floating in the sca and stranded on neighboring
shadlSe )
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But it is not only a question of beauty. Icebergs, scept along at
+he mercy of ‘the winds and more particularly by ocean currents, go aground on
ynoals at some distances from the shore and indicate the position of these
cnoals, Their diversity of shape permits individual icebergs to be recognized
sver long periods of time and thus oy studying the course of icebergs it is
p.ssible to learn.the direction and speed of ocean currents.

In this field little has been dcne so far, even in such regions
a3 that of Newfoundland, where an International Ice Patrol has been working
continuously since 191lL.

However, a most interesting subject for study is the iceberg out-
breaks or maxima which are noted both in the northern and in the southern
texzispheres.,

Thus in the Newfoundland region the years of iceberg maxima
{~aximum number of icebergs coming south of L8ON, that is, south of the
iatitude of Stalingrad approximately) were 1690, 1909, 1912 and especially
1429, In the Barents Sea, as we have already noted, there was a typical
iceberg maximum in 19293 in the Laptev Sea outbreaks occurred in 1939 and
1940, and so forth. In the Antarctic a great increase in the number of ice-
sergs was noted from 1892 to 1897 inclusive.

Yhat were the reasons for these outbreaks? Whence came the hundreds
of icobergs in 1943 in the region northward of Franz Josef Land? Whence came
ne icebergs off the shores of Vrangel Island in 19467 All these questions
ere far from being solved and demand systematic and continuous observations.
7t this field, special air reconnaissance will be called upon to play a great
p:’n‘b .
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8. Permafrost and Fossil Ice

To the east of Cape Cheliuskin there are no large-size glaciers coz-
ing down to sea-level, and the climate here is considerably more severe than
to the west of Cape Cheliuskin. In Yakutia, we remember, the Siberian "cold
pole" is locatedj but because of the insufficient snow-fall there are no
glaciers in these regions and the groind is locked fast by eternal frost
(permafrost).

Suppose that somewhere in eastern Siberia at the end of a hot summer
we begin Lo dig a well, At first the shovel goes into the soil easily, but at
a depth of one to two meters we sirike very hard ground, frozen right.through;
it consists of particles of soil mingled with crystals of ice. Still deeper
hovever we reach unfrozen strata of soil, through which underground waters are
freely flowing. The stratum of ground - hich is frozen completely through and
which does not thaw out, even in the hot summer, is called the permefrosi.

Here the ground always freezes in winter, and the more intense the
cold and the less snow--cover vhero is, the decper it freezes. We know that
snow and ice are very poor conducters of heat: some northern tribes pass even
the severest winters in huts built of snow, the so-called -gloos. In the
winter season snow protects the soil from freezing. Around Leningrad for
instance ground denuded of snow freezes to a depinh of more than 1.5 meters.,

With the beginning of sumner the frozen soil thaws ouc on top. If
the winter has ncit been severe un‘ if the summzr is long and hot, then all
traces of the winter freezing of the ground disappear, but when a cold summer
follows & cold wanter a frozen layer may remain over until the next winter.

During that winter ths top layer of soil once more freezesy ils lower
boundary is pushed still deeper. This goes on untii zuch time as there is
oestablished a thermal equilibrium characteristic of the locality; the amount
of cdoling from above is just egual vo the amount of heat received from below,
from the internal heat of the earth.

In Siberia, permafrost exiends over an area of ahout 9,060,000 square
xilometers. The farther north, the thicker the layer of permafrost. Thus on
the slopes of the Yablonol Rangs tha thickness of the permafrost layer varies
from taree to oignt metersy st 1r&utak it reaches 25 meters, and in Yakutia
ihe lower boundary of the permsfrost descends to 80.-190 neters,

¥Yor the lower boundary of the permafrost layer to penstirate down to
the line of thermal equilibrium, it takes hundreds and thousands of years.
“he upper boundary however may alter within a few years' time, Thus for
instance thers was the case of a deep railway £ill built on top of permafrost
ground, Twenty years later, it was scen that insida this fill the permafrost
lovzl had risen 13 metersy it was somewhat hlgher on the north side of the

fi11 than on tho south,

_The formation of permafrost is determined by two factors:- severe
winter conditions and scanty snow-cover to protect the ground from freezing.
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These two causes really reduce to one; ramely high atmospheric pressures in
tts winter season, which mean cleesr, cold weather.

Permafrost shows almost no effect on agriculture. In Yekutsk for
izstsnce, where thanks to the hot summer the soil thaws out to a depth of a
z¢ter Or more, the inhabitants engage in vegectable gerdening and grain-growing.

But in the constmction of iadustrial structures or communsl builde
icza permafrost presents serious dirficulcies., The top layer of soil which
thews out in summer gets very moist., When the winter cold comes, this layer
czzins vo freeze, and enormous mechenical pressures are built up in it,
v.terials simply do not exist which &rs capable of withstending the terrific
snessure of ice-formation, caused by the increase in volume.. duge grenite
::litts crumble when water freezes in their crevices. Witk the onget of winter
‘r pleces like these, the foundations of buildings and bridges give way, posts
- plers break or are pushed out of place; the ground buckles up here and there

in characteristic humps. These
R e : - - --wm-.  humps of ice, which ere some-
. . timas as thick as tuo weters,
' are called frost-heaves. They
) are a particular menace to
industrial structures. Things:
are even more complicated when
we come to heated buildings,
beneath wkhich the permafrost
mey thaw, The foundation often
settles and the tuildings are
warped out ¢f plumb,

B rVe——

Permafrost is not always
& guisance, For instance,
shafts sunk in permafrost do
not need such stout reinforc-
ing as those in more southerly
e regions: they are not threat-

ened by sudden irruptions of

Ice bumps. s0il water.

B P N P

In recent years it has
been noticed that the southern
permafrost boundary is steadily

retreéating northward. Thus in 1837 at the city of Mezen' wells hed to be dug
to-ough permafrost, In 1933 you bad to go 40 kilometers north to discover
truces or permafrost., This retreat of the permafrost is due to a general
caenge in the climate and in particular the general re-waming of the Arctic
to which I have-already alluded.

It has long been known that at low temperatures meay organisms sus-
pond their normal vitel activities. This pheromenon is cealled anabiosis.
Sxperiments have shown that ‘upon return to normal conditions: the dessicated.
ucd frozen seeds and spores of plants and also tha resting-forms of the lower
w.imal orders are still viable., Bacteria also possess the ability to stand
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lbng periods of low temperature, Thus in 1931 bacteria from the fossil ice
of Liakhov Island were revived. The age of these bacteria was, whatever the

exact circumstances, at least some thousands of years,

Full-grown individuals of the major animel and plant species die
when ice crystals are formed in their cells. Possibly death is caused by the

zﬁptgro of the timsuos through tho incroase in velums of the water {reszing
em.

It is well-kriown that under Arctic conditions many animals with-
stand very lov temperatures,. Nadhorst found a microscopic round-worm in the
Spitzbergen ice-sheet and revived it by mixing the dried-out slime with water.
In Arctic lakes frozen to the very bottonm there are living creatures which go.
‘into the anabiotic state in winter and revive when summer comes.

On Franz Josef Land, small phosphorescent crustaceans were observed

'bestirring themselves vigorously “n a slush of snow soaked with sea water,

the temperature of vihich wds -10°C.

On recently formed sea ice in the Laptev Sea, at approximately
769N, the Toll' Expedition saw a surprising sight: footprints shone with 2
faint glow of light dotted with small brighter pointsy with a stick it was
rossible to draw glowing lines or letters. The explanation is that the
phosphorescent marine organisms or bacteria in sea water were still able to
shine even after being caught in solidifying ice.

In the permafrost region we may find earth-worms, tritons and eve=n
Siberian marmots spending the winter in ground frozen to a depth of 60 reters.
Perhaps the reason why this is possible is the fact thai in permafrost we do
not find temperatures below -1°C, This is a temperature low enough to freeze
fresh water, but it is irnsufficient to freeze the blood or vital juices of

¥ animals,.which like salt solutions ice up -only at temperatures lower than this,

These facts gave P.N.Kapterev, one of the workers on the Scientific
Ressarch Station at Skovorodino (63953'N: 120957'E) an idéa: might there not
be preserved in permafrost the resting-forms of certain organisms which had
adapted themselves particularly well to a protracted state of suspended
aniﬁationz

At Skovorodino the ground at the end of summer is thawed out to
2.5 meters depth, while the lower boundary of the permafrost goes down to
about 60 meters.,

In 193L soil samples wvere taken. from the layer at 3.5 meters depth,
which contained darker traces of vegetation. These samples were moistened

" with distilled water and placed in a jar. In a ‘fortnight there appeared

algae of the lower types; some of which were unicellular, others confervoid.
All these marine growths (and there were 12 differeént kinds of them) belonged
to the green, blue~green, and diatom groups. 4 little later there appeared
in the jar small motile. globules of 0.3 mm size. These were crustaceans,
chydorus sphericus, Some months later, from the same soil in the same jar,
the groen pedicles of bryophyta began to spring forth. Kapterev states that
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the age of the organisms which he revived vas, at a cautious estimate, from
one thousand to three thousand years. Whether it will be possible to revive
snimals or animal and plant organisms from the deeper permafrost layers, the
future will show,

Once upon a time in Europe and Asia, from the Pyrences to Alaska and

from the Taimyr to the Arals; and in North America dowh a&§ £&5 B# +iis cspisal
Uniled dlutes, there dwelt huge animals, relatives of our present-day elephants

..o the mammoths. Their tusks were as much as 7 meters in length, 30 centi-
ceters through, and weighed: as much as 70 kilograms. These mammoths likely
1ived at the same time as the most ancient humans of the Stone Age. A pre-

historic picture of a mammoth has been found in & cavé, carved on & tusk of
one of these very animals,

Since early times men have been finding the huge bones and tusks of
these creatures in the Siberian permafrost. In 1799 the Evenki# Shumakov
was proceeding by boat along the Lena River in search of mammoth tusks. At
a certain place, between the blocks of ice, he spotted a large buvlk of some
kind, but was not able to make out exactly what it was. The following year
he noticed that this bulky object was emerging more clearly. The third year,
the animalés flank and one of its tusks was showing. The fifth year, it was
completely free from the ice and had rolled down the slope onto the sand of
the river bank., It was the perfectly preser—-d body of a mammoth. Shumakov
sawed of f both tusks, but abandoned the carcass. T} local inhabitants cut
reat from it for dog food. Vhite bears and polar foxes also fed off the
meats Two years later the skeleton remained, with part of the skin, hair and
flesh. The skeleton is now in the Museum of the Academy of Sciences of the
UOSOS.R.

In 1846, there was 2n astonishingly hot and rainy summer. The
Russian engineer Benkendorf was sailing a launch down the flooded Indigirka
River, and tells us:

"We caught sight of some black, terrifying, gigantic bulk emerging
"from the water, We saw a colossal -head with huge tusks and a long trunk.

"T sould discern the whites of the half-open €yesS secececces”

Through the united efforts of 50 men and some horses, the body of
tha mammoth was hauled up on the beach. It was a splendid specimen of large
size, L meters high, S meters long, its body covered with a thick fleece of®
sellowish-brown color; it had tusks 3 meters in length, and a thick, two-
meter-long trunk. The animal was well fed. In its stomach, in a perfect
state of preservation, there were young shoots of spruce and pine and a
mmber chewed-up young spruce-cones. Death had struck the animal down in
the flower of its strength. Apparently it had bogged down in a swamp-hole
in just the attitude in which it was found (standing on its feet), and then
fr:ze, In this attitude it also thawed out. They did not succeed in pre-
srving this specimen: it was carried away by the raging flood of the
river.,

7 Eyankl ¢e.. & Tungus people.(Tr.)
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In 1901, the almost whole body of a young mammoth was found in the
permafrost near Sredne-Kolymsk and shipped to Petersburg. This was 3 male,
with one small tusk: the other tusk had been hacked off by someone. The trunk
and-skin of the head had been pariially eaten away by animals. The {leace
had come off and was lying underneath the body. The flesh was soft, looking
like boiled meat; the dogs ate it greedily. This mammoth is alsc in the
ZoGlogical Museum of the Academy ‘of Sciences.

Permafrost, as we have seen, is frozen soil. It is of course to
be expected that in permafrost we should find the odd blnck of pure, solid
ice. But in some regions these blocks are so numerous and cf -such size that
they have been given a special name; fossil ice.

In the Soviet sector of the Arctic, fossil ice is found in the
southern part of the northernmost island of Novaya Zemlia and on tvhe banks
of the Lena, but in its best-developed form it is found on the Liakhov Islands
in the Laptev Sea. On Greater Liakhov Island, 80 percent of the surizce of
which consists of fossil ice with a top cover of soil, the perpendicular walls
of these ice-masses rise 35-U0 meters above sea level, while the total thick-
ness of the stratum is as much as 70 meters. In the lower part of the verticai
ice-wall of the shoreline the sea has washed out caves and grottos, and cave-
ins are continually taking place. Where the shoreline consists of cliifs of
this kind, they Jut out on the bottom of the sea to f~ra zn icy bottom ex-
tending far from shore and covered with a silt of material from the land,

Fossil ice-masses are relics of just such a continental ice-sheet
as the Greenland ice~cap, and are made up of separate granules solidly frozen
together in an irregular structure. The surface of the separate granules is
covered with indentations, into which the projections of neighboring granules
fit as though mortised and jointed. Thus. the structure of fossil jce tells
us that it was formed from snow. It is moresver worth noting that in fossil
ice too we find the remains of ancient animals; it was indeed on Great Liakhov
Island that the last reported mammoth find was xade in 1906,

Every year in spring the waters thaw out ever new leyers of the :
fossil ices and bring to the surface ever more relics of the pre~glacial epochs ot
remaing -of mammoths and remains of vegetation, testifying that the climate +4
of thz pre-glacial period was very much milder than it is now, Toll' for 3
instance in 1893 found whole alder-trees five meters tall on the Liakhov i
Islands; some of them were so perfectly preserved that the leaves were still -4 :
firmly set on the branches along with whole clusters of catkinsj the bark on |
the branches and trunk was intactj and so forth. .4 }

The Liakhov Islands are a real museum of the glacial epoch. One
scientific expedition after another has made its way thither. Nobody can say
how many precious, perfectly preserved specimens from times long gone by are
yet stored up for us in the fossil ice. It may be that here we shall find
not only the complete bodies of mapmoths, but also man ... the contemporary
of the mammoth,

Ay e am—

- e e

Russiin scientists have been toying with an idea: why not store in .
the ice the thihgs we find today in our natural environment, for the benefit '
of our descendants who will be living thousands of years after ws? Many forms
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of animal and plant life have become comvletely extinct or have sirongly mcdi-
fied their type. Already we deem it proper to set aside Reservations and
Preserves, in order to safeguard the most interesting and valuable species.

such steps for instance have been taken in connection with the bisen, the white
tear, and even the Ussuri tiger.

How grateful the people of coming millenia might bs if they could
§86 RFRIEFVER 1Rbact iR Bermufrost ail gng tnings with ¥hich nature nas
surrounded us, their ancestors!
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9, Jce and Ice Life

The intensive development of iife ai the edge of the ice during the
period when the seas are freeing themselves of their winter cover is a
phenomenon which was long ago noticed. In the water which washes the edge of
the melting ice-formations one may observe, during tho Arctic summer, an
abundant efflorescerice of phytoplanxton. This abundance of phytopiankton in
turn causes an intensive growth of zo&plankiton. The supply of phytoplankion
and zodplankton attracts fish and mammals to the edge of the ice. Large
numbers of birds come to feed on the plankton or small fish and to rest on the
ice. Polar bears hunt walrus and seal at the edge of the floes. Thus is com-
pleted a chain of living organisms connected in one way or another with the
sea ice.

Several hypotheses have becen formulated to explain the «{florescence
of life around the melting ice. One of these hypotheses is based ox the
particular properties and structure of the molecules of water and ice. I have
. already mentioned that water molecules have been found by some research workers
to be rather inert chemically, while ice molecules on the contrary show a
greater activity.

T hold the opinion that the outburst of organic life developing
around the melting floes may be explained on the basis of an accumulation of
various nutritive substances on and within the ice during the whole winter;
these substances are suddenly liberated in the thaw, and, one could say,
serve as fertilizer for the surrounding water.

Along vith the dissolved nutritive substances, various kinds of
minute crganisms and bacteria freeze up in the ice. Some of them perish from
the effects of low temperature, but others survive and develop when the thaw
begins, especially bacteria and spores, which will stand very low sub-zero
temperatures. These organisms are the beginning of the chain of ice-lifse,
both on the floes themselves and in the water. -

I have already spoken of the fact that Some organisms are capable
of accustoming themselves to very low temperatures.

During the Sadko Expedition in 1935 careful bacteriological research
was done on the Arctic ice, on the fresh water lakes which form on the ice
during the Arctic summer, and also on the waters of the Greenland, Barents
and Kara Seas. 1In one of the summer pools on the ice a concentration of
60,000 bacteria per cubic centimeter was found, while the maximum bacteria
count found by the same expedition in the water of the Greenland, Barents and

Kara Seas was only 27,000 per cubic centimeter.

For life to develop around the ice and under the ice it is above
all necessary that phytoplankton should develop; this is the fountainhead of
nutrition in the Arctic. However for phytoplanktcn to develop, not only food
substances are required, but also sunlight. Continuous floes such as we
£ind in the Arctic do not allow light to penetrate, particularly when they
are covered over by a top layer of snow, For this reason we used to believe
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that in the Central Arctic there was generally speaking no life under the ices
if any existed, it was only in the pools of snow-ater which cover the ice ’
fields dx.xring the Arctic summer, or in the open water beiween the floes. This
hypothesis was perhdps sustained by the observations of Mansen which at the
time were the only ones available relative to the central portion of the Arctic
fansen preccnted the results of his ressarchec as follows:~ )

. #Phe Areviec Basin, covered in its interior by an almost solid sheet
“of thick ice, is extremely poor in plant or animal organisms. The sun's rays
uare absorbed by the ice, and radiation essential for plant organisms scarcely
reornetrates through the ice fields to the cold waters lying beneath. Thus
nplant life develops very poorly here during the short sumner season (mostly
nin the polynias between the fields). And without plant life animal life can-~
"not exist. This inner region of the Arctic Basin, continually covered with
nice, may be considered a desert in the oceanj neither animal nor man can find
wgufficient food there. During our expedition on the Fram we found many types
nof animal life, particularly the sma2ll crustaceans, but the fauna was so
tcnarse that our plankton neis could be hung over the side for whole days with
*saly a very small catch to be found in them vhen we brought ‘them aboard, even
e rough we were drifting at a gocd speed."

Mevertheless the Fram on her &rift sighted whales, dboth the first
s;-zer and the second.

Nansen during his explorations saw signs of the polar bear av
aiitude 840 in the region to the north of Franz Josei Land. Peary noticed
«iznilar sims at latitude 86° in the region north of Greenland. None of the
-lorers seeking the Pole made any mention of birds or seals. Thus it is
:.) the more surprising that the crew of Station North Pole in 1937 observed
_sesber of birds at the very Pole itself. Apparently these birds were find-
.~ sufficient food in the polynias between the floes. Still more surprising
:.: the appearance near the Polé, at-88° North Latitude in the month of July,
¢ a2 waite she-bear with cubs; a sea-hare 2lso showed itself in .one of the
- 'ynias beside the ice-field. These facis testify that the statéments of
...>2n and other explorers as to the complete absence of life in the Central
ir:vic need radical revision. ’

The Station North Pole researches throw a flood of light on the
415 of organic life in the region of the Pole. It was found that through-
. .he whole of August, when the ice field was between 87° and 88° North
..t.wude, there was a flourishing development of microscopic sea-plants in
». upper layers of the water, and there was the same efflorescence of
“..a%ton as is observed in spring in the seas of lower latitudes.

This efflorescence begins with the end of the summer, after the
> iving of all the snow which overlies the Central Arciic jce fields and
»=svents light from penetrating into their depths, and after the thickness
.17 of the ice fields, a factor preveniing light-penetration, has somewhat
inished, If then the development of phytoplankton is posaible under
«:tic conditions, why should the existence of other forms of life be im-
-:3510le?

In the plankton collected at the North Pole we find forms
:aaractoristic of the Greenland Sea. Soms of the hauls were difficult to
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distinguish from those taken by the Sacdko Expedition of 1935 from the Atlanti,
waters which wash the shores of Spitzbergen. This by the way is still another
indication (a biclogical indication this time) that Atlantic waters from the
Greenland Se¢a do penetrate far to the north, right o the Pole itself,

o According to observations made by the Sedov expedition in the summer
er }ﬁ@@, gB8#1 ¥SFE By Ve deén REIR)r oVEiy gey in ihe pres wheFe thk 3hip vao
drifting. Narwhal were particularly numerous. As for birds, gulls predominat::

but sometimes sandpipers were seen. In the summer of 1939 the Sedov party sax -

no marine animal life at all., This however may be cxplained by the fact that
there ware nc rifts nor open water in the vicinity of the ship. On the other
hand polar bears sometimes came near to the ship. In the summer, small birds
showed up in the drift region from time to time. Their appearance either
coincided with-or followed strong winds. This gives us grounds for supposing
- that they were carried there by the wind. ‘

Besides the plankton which develops at the edge of th. melting ice
floes and in the water under the ficc., there are very interesting ice-surface
organisms which develop with the beginning of summer both on sea ice and on
glaciers,

So far, very little is known about the biology of this group of
organisms. Usually they are of different cclors and impart a tint to the
snow and ice. A yellow or dark-yellow coloration is the most usuval for ice-
organisms and is explained by the fact that these colors will capture the
greatest amount of heat. One also finds organisms of green, red and even
black coloration. Thus for instance some water-plants cause the phenomenon
of pink-snow; others, that of green-snow. These organisms are sometimes so
strongly colored and so densely concentrated that they may deceive you. I
myself once came upon a patch on the ice of such bright c¢olor that I thought
“Here's where a polar-bear dined on a seal.” On closer examination it turned
out to be only a concentration of water-plants. Shirshov# observed pink-
snow o the 30th of June at 83932¢ North latitude,

In addition to ‘the ice-surface forms.of life, there are also
characteristic species which develep in the lakes of melt-water; they bear the
name ice-plankton. Here the diatoms hold the first place ... tiny sea-plants
with a fretwork skeleton of silica,

As a rule, living diatoms are not found on the surface of the ice.
They develop only at the bottom of the melt-water ponds, where they form
accumulations like dark-colored clots of slime. As already stated, these
accumulations absorb a great quantity of solar heat and help in melting the
ice. They thaw out pits beneath them, which are usually two or three times
greater in width than the clot itself but have the same outline. During the
course of the summer the diatoms gradually sink lower and lower into the pits
which they hollow out; in the southérn parts of the Arctic Basin they finally
bore right through the ice and drop into the sea, -

In some regions the accumulation of diatoms reaches such proportions

that the ice surface over wide areas looks dirty and pitted like a moulder's
ladle. Thus there is no doubt thai wicro-organisms play a definite part in the

#» Sae page 58. (Tr,)
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disintegration of the ice floes in suawer.

It is necessary to emphasize however that the great numbers of tiny
crganisms and particles of inorganic origin which get into the ice-floes do
not originate from the sea or river waters alone, nor from bottom sedimenta.
is already noted, dust from the land is carried far out to sea by the wind.

In 1946 the most convincing evidence was secured that in this con-
nection the part played by the wind could be of importance.

_ The ice-breaker North Pole, steaming in the East Siberian Sea 200
o 300 km from Cape Shelagski in the middle of August, discovered live leaf-
roller butterflies on the ice. These butterflies were resting on a floe at
distances of 5 or 10 m one from the other, their dark grey color standing out
against the background of the ice. Vhen alarmed, they took to the air, and
whea brought on board ship, they flew all over the laboratory.

In the East Siberian Sea sitrong, warm southerly winds prevailed at
tpat time, and although the ice-surface temperature was fluctuating in the
neighborhood of 1,50 to 2.19C, at a height of 300 m it was between 11.0 and
11.39C. Let us add that the leaf-roller butterfly is characteristic of the -
pine woods and deciduous forests which lie far south of the Chuckchee Sea
coaste It is evident that these insects were carried by the winds to the ice
of the East Siberian Sea. '

Everywhere in the World-Ocean the continental shallows (particularly
vhere the depths are of the order of 80 to 100 m) are swarming with life,
tnus for instance every spring huge shoals of fish come into our Barents Sea
by vay of the branching North Cape current; cod, haddock, etc. And every
fall these shoals of fish swim out of the Barents Sea again.

Suppose your ship has stopped and is rolling in the swell, let us
53y somewhere in the North Cape region. You stand at the rail and drop a
svout hook, with a sinker but no bait, into the water on a line 200 to 300 !
=:rters long. You move the line up and dovn a distance of about your arm's :
i:apth.  Suddenly the line tightens. You carefully pull it in and haul out
i sod of some kilograms weight, which the hook has gaffed sometimes by the
~1ls, sometimes in the belly, sometimes even through the tail. This kind
+{ fishing is called swindling. )

What numbers of fish must be there, deep down in the water, if
724 can pile up a whole mountain of them around you in a few hours of
*svindling", and if special trawls will bring in one or two tons of fish, or
sven more, in half an hourl

Your ship continues on her course to another part of the sea, or
~twns to the same place after a short interval of time. With impatience
7w unreel your line ... but not a fish! Put out a trawl, and it too comes
1 empty. y
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Question after question arises: what btrings our fish to us in the
paronterea? Why do trawls sometimes come up empity, sometimes with a catch?

We cut open a cod-fish caught in spring off the ifurman Coast. The
fish is played out, its stomach is empty, and there is no oil in the liver.
Ve cut open a cod-fish caught in the fall in the shallow depths of the south-
eastern part of the Barents Sea, Its stomach is full and its liver is oily,
Fram thiy W6 Way dray & s4np1e DUL very Kpelsht cencliSish: when whe f1sh
which we use for food ceme to us in the Barents Sea in immense shoals, which
(as research has shown) are often many hundreds of ithousands strong, they
come to feed. -

Research has also shown that the fish feed over certain definite
areas of the sea-bottom, called feeding grounds or fishing banks. On such
banks the waters near the bottom are saturated with oxygen and nutritive sub-
stances; that is where you find the most flourishing development of the animal
life which is the food supply of many of the fish useful to mankinds

These favorable conditions are created by a ceaseless agitation of
the bottom waters by currents, by wave motion, and by the vertical circulation
due to the fact that the upper layers of the water become cooler and more
salines# and hence heavier than the water below, The strongest vertical circu-
lation occurs in the winter season.

In winter, as a result of the vertical circuiation, the temperature
of the bottom waters on the shallows of the Barents Sea usually drops below
=19C, and in summer this low temperature only gradually disappears, either by
direct warming and mixing of the water, or by the cold water being washed
away from below and from the sides by warmer waters flowing around the shoals,

It is sursrising how sensitive some fish are to temperature eon
ditions. The cod seems to be most comfortable at a temperature of 2 to Li;
at a temperature of =19 it freezes.

But this latter temperature, which is fatal to the cod, is never-
theless a temperature at which there is good aeration of the bottom waters and
a flourishing growth of organic life.

Accumulations of organic matter are preserved over the winter
without decay in this cold water, as though in a refrigerator, and at the
very beginning of spring the cod hasten ‘o their immemorial reeding grounds,
alternatel, repelled by the shock of the cold water and attracted by the
wealth and--rariety of food.

Nowhere else on earth does a shallow -continental shelf extend so
far out from the coast as in the seas of the Arctic Basin, the Kara, Laptev,
East Siberian and Chuckchee Seas. And of course in the northwestern regions
of the Barents Sea we often find submarine shoals with depths approximately
equal to those uf the fishing banks. Yet here there are no fish for us to
catchy the bottom-water fauna is not well developed in these areas. -

There are certain facts which explain this. In the first place, the
water in these regions is covered over for too many montha of the year with

# Through eveporation and through l;:c-fomatlon: see pages 12 = 13, (Tr.)
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2014d ice; consequently the bottom waters have lifttle aeration. Here (though
%0 a lesser degree than in frozen lakes) one finds stagnant areas, created by
oxyren exhaustion and by the presence of hydrogen sulphide. In the second
nlace, the bottom water temperature at some points in these regions always
stays in the neighborhood of the freezing point. In the third place, we have
seen that the ice-floes show only about a sizth or a seventh of their thick-
03§ above water. Such floes, driven by winda and by eurrents, often plow up
ihe bottom of the sea at just these depths, destroying all Iife there.

In every sea moreover we know that 1life, particularly plant life, is
found in particalar abundance on tide-flats, and in the Arctic Seas these
f1ats are frozen through and through for a great part of the year. The ice
which forms thére thaws out only from above and for that reason very siowly,
'so that the ice on the bottom often fails to meit during the short Arctic
 summer .,

Hence it is not surprising that all {hese seas are very pcor in fiszh
«nd useful animal life. As exceptions ore xzzy mention the white grampus, which
enters the Kara Sea in exploitable numbers as soon as the break-up takes place;
‘also the walrus which congregates at resting grounds in certain sectors of the
least coast of the Taimyr Peninsula, on VWrangel Island, and also on the sand- -
spits of the Chukhotsk Peninsula. In these seas only an occasional seal is
‘encountered, and water-birds are not so rnumerous as in the Greenland and
'Earents Seas, :
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10. Ice Drift

Floe ice and pack ice are in a state of ccaseless movement, both
winter and summer. The movements are of four kinds: {irst, the constant move-
ments, caused by-steady currents and by the stcady pruvailing winds which oceur
as a result of permanent regions of high cr low atmospheric pressure in areas
adjaéenit 6 Lhe AFétiey seeéond; the seasunal movemenis, whieh afe conneeted
with seasonal displacements of the centers of aimospheric activity; third,
periodic movements caused by tide pher:omena; and foeri:, the ephemerul move-
ments, which for the most part develop under the infiuvcnce of ephemeral winds,

The ‘courses of vessels drifting in the icc nave shovm that the ice-
movements never follow a straight line. Ice fields may move now in one
direction and now in another; sometimes they back-track over their course and
sometimes they describe fantastic loops and zig-zags.

'So far, the picture we have of the ice movements in the Central part
of the Arctic Basin is still insufficiently precise. It is based on the study
of a relatively small number of drift courses, and on the study of the courses
of special buoys cast adrift in different regions of the Arctic Basin.

As. far as can be judged from available observations, in all the
minor seas of the Arctic the outward movemcnt of ice into the Central Arctic
Basin exceeds the inward movement of ice from that basin into the seas. In
the heart of the Arctic Basin there secm to exist twe fundamental systeas of
ice-movement. One of them is an outward movement of ice from the Arctic into
the Greenland Sea, and is caused by the run-off of water from the land and
by the prevailing winds; the other is in the nature of an anticyclonic swirl
with its center located at 83-859N 170-180%7 and is the result of winds caused
by the Central Arctic region of high pressure.

The existence of these two systems of movement is confirmed by all
knosm drift-courses. Thus the Karluk under the command of Captain Bartlett
in 1913-19il; drifted with the ice for a distance of 500 miles, approxizately
from Point Barrow in Alaska to VWrangel Island. In 1879-1881 the Jeanette com~
manded by deLong drifted from Vrangel Island to the New Siberian Islands, &
distance of 750 miies. Nansen's Fram drifted from the New Siberian Islands
to the straits between Spitzbergen and Greenland, a distance of 1400 miles,
The Maud of the Amundsen Expedifiion in 1922-2l drifted from Vrangel Island ‘to
the New Siberian Islands, a distance of /750 miles. The drift of the Maud
almost exactly reproduced that of the Jeanette, demonstrating tuat the direc-
tion of thé ice movement is fairly constant.x

The ceaseless movement of the ice from east to west along the con-
tinental slope of the Eurasian Coast wazs also shown by observations made
during the sled-expeditions of Parry, Cagni and Nansen; the movemeni along the
continental slope on the North American side was shomm by Stefansson's observa-
tions, made befween 140 and 130°W and agairn between 130 and 110°W, Support-
ing evidence was furnished by numerous buoys set adrift by Soviet Expeditions
in the Kara and Laptev Seas, and lator picked up on the shores of Greenland,

Iceland and Norway.

« Ses frontisplece Map 11} see page 53. (Tr.)
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» Thu3 the ice-drift follows a single unbroken line along the iphe
of the Central Arctic Basin from 160°% through 180° around to 005 moréngagh i
half way around the earth. This drift takes on the average L.5 to 5 years,

from the time the ice leaves Behring Strait until it is carried out into
the Creenland Sea, .

THE AFRGLaN QF UNG L60 WFLES GA Lhe NOHLR Amustisn svast of Lhe
Arctic Basin has been much less studied. Ve have Peary's statement that dur-
ing his numerous sled trips to the north of Creenland and Grant Land he found
the ice to be moving from west to east, which means that here too it was head-
ing for the broad straits between Greenland and Spiizbergen.

The observations of Station North Poie first showed that the ice
from the North Pole was moving straight for the Greenland Sea.

During his expedition Nansen devoted a greai{ deal of work to study-
ing the details of the Fram's drift. He noticed that the Central Arctiic ice
fields responded very quickly to the wind, chinzing their speed and direction
in accordance with changes of wind velocity and direction. Nansen's conclus-
ions may be set forth in the following two simple rules:——

1) The speed of the ice drift is approximately 1/50th
of the velocity of the wind causing the drift,

2) The direction of the ice drift deviates on the
average 30° from the direction of the wind caus-
ing the drift.

The latter phenomenon Nansen ascribed to the influence of the side-
thrust of the earth's rotation. This explanation is quite correct and further-
pore rests on the same basis as the modern theory of oceanic currents, which
I nave already* discussed in detail, -

Since then Nansen's rule has been verified by many Arctic expeditions
and at many Arctic stations. Where departures from the rules were observed,
they sometimes helped to explain very complex phenomena. Thus for instance the
drift of the-Fram ordinarily showed a deviation which fluctuated around 30° to
the right of the wind direction. Yet when Nansen computed the mean wind
direction for the whole three years and the mean drift of the Fram for the
same period, then it turned out that the Fram had deviated 1° to the left.
from this Nansen came to the conclusion that the Fram’s drift was made up of
tvo components, one caused by influence of local, ephemeral winds, the other
connected with the general ice-circulation in the Arctic Ocean.

. An example of fruitful study of the relation between wind and ice-
ficld wind-drift is the discovery of Vizé Island in the northern part of the
Kara Sea. This discovery was one which had long been foreshadowed by events.

As I have already mentioned, Lieutenant G.L.Brusilov's expedition
in the St.Anna was caught in the ice on October 2nd 1912 off the West
Coast of the Yamal Peninsula. The vessel was then carried out of the Kara
Soz along the eastern coast of Franz Josef Land into the Central Arctic Basin,

% 1n sn eariier chapter of this work, not here transiated. (Tr.)
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Only two members of the expedition reached Cape Flora on the 22nd of July,
namely Al'banov, the mate of the vessel, and Konrad, a seaman., On the 2nd of
August they were met at Cape Flora by members of Licutenant Sedov's expedition
in the St.Phoca, who were returning to Arkhangelsk.%

Al'banov's route to Franz Josef Land was of considerable interest
in itself, because he crossed exactly those points where "Petermannt's Land"
and "King Oscar Land" are shown on the maps, thus proving that these lands
do not exist. Even more important wa: the fact that Al*banov brought safely
with him the log-book of the St.Anna and complete notes of meteorological
observations for the whole period up to the time the snip was asbandoned. This
makes it possible to reconstruct the whole story of the St. Anna's drift.s#

In 192k Professor Vizé Zﬁiesg7’made an analysis of these observations
and hit upon a curious fact in connection with the St.Anna's drift-course in the
region 78 to 80°N and 72 to 78%E. Here the ship, drifting generally northward,
showed a deviation to the left of the wind direction, not to the right as would
follow from Nansen's rule., Vizé concluded that such a deviation could be ex-
plained if there was a land-mass not far to the east of the St.Anna's course,
somevhere between 76° and 80°N. This predicted land-mass was indeed discovered
by an expedition on the auxiliary ice-breaker Sedov in 1930, of which Vizé him~
self was a member., It turned out to be an island, lying between 79929' and
79%32'N and at 76°L6'E. Justly enough, it was given the name of Vizé Island.

From further analysis of the St.Anna's drift, it appeared that
there should be still another island to the south of Vizé and to the north

of Uyedineniye Island.##% No such island was discovered, but what was demonstrat

was that Uyedineniye Island lay farther west than was shown on the maps.

Very interesting observations on ice drift were made by Station North
Pole. Thanks to the numerous astronomical fixes of the position of the drifting
ice field and exact instrumental measurements of its speed, we may produce a
more detailed picture of its movements than was ever possible with any drift
previously studied,

The plot of the drift shows that Station North Pole's ice field des-
nribed fantastic wige=gags, somevimes even loops, but all the whilé maintained
its general direction of drift from the pole to the Greenland Sea and beyond,
along the eastern coast of Greenland,

The fact that the drift of the ice field depended on the wind was
discovered during the very first month after the station was set up., North-
westerly winds prevailed in the vicinity of tie station until approximately the
5th of June, and the ice field moved almost directly south. From the 5th to
the 218t the northwesterly winds changed to southwesterly, and the ice field
began to move east. In other words, the ice field changed its direction of
movement under the influence of the wind,

The speed of the general southward movement of the ice field also
changed. The mean speed of drift for the whole period was about 9 lan per day.

# See page 68,

«x See frontieplece map il.

unx Calied Einsarkelt 18land on some charts, (7r.)

-'50 -

e e T o

R e

o ——

-tk

ated

P e

———-—"

I




e

P

a0 TR s a SR S

B e

i W AR B g

Yot there were times wbon the ice fisld stayed in onme place for scme days at
a time, At other times the daily movement spseded up to &s much as 43 km.

- However , as the ice field moved southward the speed of drift steadily mounted.

Thus froa the pole to latitude 85° the mean speed of southward drift was

about 5 km a day, From 859 to 819N it increased to 9 kn per day., In January

4t hed increased to 21 km, end in Pebruary the mean daily speed of southward
movement had grown t0 23 Xm,

Preliminary studies of the drift of the
ice field shosnd thet it was due on the one
band to the influence of the wind bdblowing
at any given moment &t the place in question,
= §5°0nS’ N, 03V, and on the other hand to the influence of
. g a general movement in & southerly,direction
end independent of the local wind, (When
there was nc wind the ice field continued
to move southward.) Northerly winds accel-
-erated this movement, while & south wind
slowed it up or even cancelled out the con-
13:30% stant component of the drift, ceusing the

- ice field to back-treck northwerd, as may
be seen from the diagram.

In the vicinity of the Pole, the

L speed of that component of the ice movemeat

- which was independent of the local wind
axounted to epproximately 2 km per day,
Parther south however this component gradu-
ally increased uctil it reached 10 to 12
‘gaob km per day in tie region between the 70th
87°SIN. - and 75th parallels.

The drift velocity increased in a
lp:pob perticularly noticeable menner when the
ice field was epproaching the shores of
> Greenland, It was not the wind alone which
- ub was responsible for the gradual increase in
2ab - speed us the ice field moved farther south.
Undoubtedly it weas in some degree due to
- the greater freedom of movement of the ice
- field &8s it camz into the open-water ex-
penses of the Greenlend Sea. Thus in
Augnst the mean wind velocity was samewhat
Relation between wind-direction ﬁ@er then in December, &ad the wind
rection was approximately constant.
end drift of Station Narth Pole  w.. i1q100s the ice field was drifti
from August 3rd to 8th, 1937. ne

- Ya:3e ACJ.S.

-

pearly three times as fast in December as
in August. Bere the leading role was

pleyed by the Eest Greenland Curraent, in
which the ice-field was drifting in December.

All the zig-zags and loops of all drift-courses of which we have
any recard have been successfully related to the wind direction and speed.
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This sppears cleerly in the disgrem. It shows tha drift of the Sedov and the

"course of the wind” from the 1lst of Septexber 1938 to the lst of Jamuary 1939,

on the assumption that the Sedov and a certain given air particle described

paths beginning at one and the same point on the lst of September. The wind

velocity is scaled down to the drift velocity, the former being reckoned as 50
. times greater than the .atter.

From the diagrem it is seen that wherever
- the wind maintains its direction for a fairly
long timo, the drift of the Sedov is fairly
constant. A

In October the wind describes a "figure :
8" and the Sedov describes very nearly the '
sans "figure 8". At the end of November o
the wind is making zig-zegs, and the Sedov f
is making similer zig-zegs. \

Thus the drift of the Sedov reproduces
the "course of the wind", the only difference .
being thet it is in a direction 30° to the , !
right of tuo wind direction. If at some
points the drift does show come departures
from Nansen's rule, they must be regarded
as due to incomplete information rather

Scele
YN I INTTY

- AY gy .
Yine wi Nl les

com o

than as real. ! E
] i z |
?x: ;:::tr::o:;:h:r'tg G‘g‘;dov Work done by myself on the Sedov ob- *
from Sept.lst, 1938 to J * 1st servations has shown that in this region of
1;;; pt.1st, @n.18%  the vessel's drift there was only & feeble

prevailing current; for practical purposes
it could be counted a3 non-existent. Thanks
to this fact, I had what practically eamounted
to laboratory conditiona for my study of the relation between wind and drift.
In this regior, far from the distorting influence of land masses and of prevail-
ing curreats, the wind drift shows up in almost pure formm.

e N e A M e o o 4w %

It 1s clesr from the diegram how reliable both of Nensen's rules are. |
One could not ask for fuller confirmation. I must once more emphasize thet, in
contrast to the data of previous polar explorers, the Sedov observations were
made at & time when there existed in the Arctic a network of Soviet Arctic
stations, and under conditions of a modern knowledge of the Arctic, These facts,
togetber with the high level of precision in the Sedov observations, permit us
to draw some very valuable conclusions. Thus, from further analysis of the
Sedov drift end comparison with the atmospheric pressure maps compiled by the
Weather Bureau for the period in question, I was able to supplement Nansen's
rules by two more of the same simplicity:---

PR
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1) 1Ice drift is directed along the isobars. The sense of

" the dpift is such that the regisn of higher stmdspheric
pressire lies on the right of the course, and the region ,
of lower atmospheric pressure on the left, j

U
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2) Ice drift proceeds at a spead proportiornel to the
atzospheric pressure-graiient; in otker words, the
drift apeed is inversely proportionel to the distence

betwesn isobars.

»

The first of thess two rules is not et all difficult to deduce. In
the high and middle latitudes, friction with the earth's surface and the effects
 of the Coriolis Yoroe couss the wind to deviato approximately 30° to ths left
 of the isobar. The ice-drift, according to Nanscn's second rule, makes an angle

of approximetely 30° to the right of ths wind direction. Thus it turhs out that

the ice mst be drifting along

# " ks e
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Map of mean atmospheric pres-
sure (in millibars) for the
Arctic summer. The &rrows
show the basic ice movement.

Map of mean atmospheric pres-
sure (in millidbars) for the
Arctic winter. The arrows
show the basic ice movenent,.

the isober.

-

snd bere is bow my second rule-was
derived. When there are no prevailing cur-
rents nor distorting land-rass effects, the
ice moves et a speed proportional to the
wind velocity. The latter in its turmn is
proportional to the atmospheric pressure-
gradient. The cluser together ths i:cssarie
line: -ps.cr on the synoptic chart for any
region, ths stronger the wind in that region
is. Eence ths deduction, which is supported
by otker theoretical considerations, that
i should be possible to judge from the
synoptic chart not only the direction of
the ice drift, but its speed also.

The charts here reproduced show the
distrivution of atmospheric pressure in the
Arctic for surmer end winter., From these:
charts one may see the broad features of .
the ice circuletion in the Ceatral Arctic,
which in turan will explain all drifts and
other phenorena.

However, from inspection of these
charts it elso transpires that in order to
judge what direction the drift of an ice
floe will take, or what course & ship drift-
ing with the ice will take, it is not enough
to know the position of the ship; that is,
what point of the Arctic Basin is in question,
One mst also know the time of year, )

I? the Sedov at the beginning of April
1939 had been at the same latitude btut
farther over, approximately on the longitude
of Behring Streits and not on the hurndredth
meridien as she actually was, then she would
have been cerried not into the straits de-
tween Spitzbergen and Greenland, but to the
north coast of the American Continent.

Incidentally, the movement of the ice

along the lsodaric lines also explains ths fact that the Maud, the ship of
Aminsen's expedition, which entered the ice in 1922 off Wrangal Island for a
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drift across the North Pole, was instead carried by the ice along the continenta)l
slope of the Asiatic Coast, that is along a parallel and not along a meridian,
It appears that usually the isobars in the Vrangel Island region lie approximate-
ly along the parallels of latitude, particularly in the autumn,

¥t is furthermere apparent from the same auvmospheric pressure charts
that both in winter and summer one sheaf of the isobaric lines ends up squarely
on the northern coast of Greenland., The effect is to create there a region where
massive ice formations accumulate, to which certain people have given the name

of %}_&“_ﬁ Anothor sheaf of linea rune out of the Arosie Beéin isite
the Ore : , thus causing the flow of ice in that direction ... the Ice
Stream.
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Starting out on

its drift from the North Pole southward to latitude

819, the ice field of Station North Pole entered the Greenlend Sea and began to
move over the broad belt of shallows water on the east coast of Greenlend .* Here

Is Jesuary snd Fedrary.

R
4
(¥ N
1 h' v "ﬁ
&7
857
IO AE LR
,J'A'iﬁt.‘j
& N

Distributior of wind
directions and strengths
over the northern part
of the Atlantic Ocean
and the North European
(Greenland) Sea., The

thickness of the arrows
shows the d ifferent

resges of wind-velocity

prevailing currents in the Greenland and Norwegian
Seas and the isobaric charts for the sumer and
winter seasons, will demonstrate the fact that this

current , even though it is
charge or escape o water,

same time controlled by the prevailing winds; that

is, it 18 a drift-current.

The East Greenland Current is so strong

it was csught up in the grest Greerlacd Ice Stream,

ean unbdbroken ridbbon of ice floos moving alohg the eest-
ern shores of Greenlend, from North-East -Cape to Cape
Farewell at the southern tip, and then ascending north-
ward elong the coest into Baffin Strait. This streea
of ice flows continuously both surzer and winter, and

is ore of the most remerkebls of Nsture's phemomera, al-
though it is less femiliar tc people than the Gulr
Strean.

S purt

How does this Greenlend Streum, or East Greenland
Curreat, originate? Each yeer there rour into the:
Arctic ‘Ocesn zistt 3,000 cu. km. of river water, about .
20.000 cu. km. of Pacific Oceen waters through Behring 1
Strait, and over 50,000 cu. km. of wamm Atlantic waters
from the Norwegien end Greenland Seas. All this enor-
mous volume of water must of course get out of the
Arctic Besin somswhbere; either get out or pile up.

A smell portion of it flows into Baffin Strait through

the nur=srcus but skallow channels of the American

Archipelago. However,
the bulk of it (ebout
80,000 cu. km.) makes its
wey into the Greenlend
Sea through the straits
between Gresnland and
Spitzbergen, thus creat-
ing the East Greenland
Curreat,

P L SRR A e )

The charts on this
pege showing the pre-
vailing wind directions
for January to August,
plus the diagram of the

e

in the neture of a dis-

is nevertheless at the Diagram of currents at the t

surface of the Greenland
and Norwegiasn Seas (acc.

to Nansen). i

that it not only cerries off the whole of the 1

water which pours into the

of the Atlantic waters which are flowing in to make up for part of the efflux.

# 8Soe frentispiece maps

Arctic Basin, but also it sucks in and drags back some : ; )

R
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. it was participating in a general movement of a vast expanse of ice fields.

The  Eastern boundary of the Greenland currant stays in practically tp
same position all the year round. It runs approxirately along the castern
limits of the continental shelf which engirdles Greeniand., Thus the ice streas
is as it were confined to the waters of shallow depth.

The ice in the Greenland Stream may be divided into thrse parallel
streams. The westernmost, that nearest to the shere, consists of ice formed _
dn the many fjords of Greenland, and carried out along with the icebergs which !
f£111 these fjords. The middle stream consists of the pack ice which drives !
into the Greenland Sea from the Central Arctic Easin. 1t was in this stream
that the ice field of Station North Pole drifted. [Iinally, the eastern (outer-
most ) 3tream is made up of ice driving into the Greenland Sea from the regions
of Spi‘zbergen, Franz Josef Land and Severnaya Zemlia, including the ice which
forms in. the Greenland Sca itself.

The speed of the Greenland ice stream is not uniform throughout its
length: at 81°N its speed is about 3 to 3.5 km per 2L-nhocur day, gradually ine
creasing to ihc southward and reaching 20 to 25 km per day in tho Denmark _
Strait (between Greenland and Iceland). “he three parallel streams moreover
do not have the same speeds. Apparently the middle stream is the fastest.

The non-uniformity in the speed of the siream tras a fact previously
known, btut it was demonstrated with particuler ciariiy hy the drift of Station
North Pole.#* During the tim: wnen the ice field was drifting in the Arctic
Basin, its orientation relaiive to the northern land-masses-did not change.
This gave the impression that in spite of all the meanderings of its course

But when the ice field had come into the Greenland Sea, it began to
rotate, first in one direction and then in the other, a motion which was
certainly. due to a current set up by the unequal velocities of different fields,

The increase in the spced of the Greenland ice stream toward its more
southerly parts is accompanied by a decrease in its width, Thus on the 80th i
parallel the width of the stream reaches LOO km, while on the 70th parallel it
has decreased to 200 km.

More than one attempt has been made ‘to estimate the amount of ice .
carried through the straits between Greenland and Spitzbergen. So far how-
ever we have no proper figures, because we lack information on the mean thick-
ness of the floes, on the changes ‘of velocity taking place in different
seasons of the year, on the area of the sea surface occupied by the ice,
and so forth.

According to Vizé's calculations thé efflux of ice amounts to 8,000
cu.km. annually, but according to my very cautious reckoning it is less than
this, If the Greenland Current, thanks to the characteristic winds associated
with it, is of a very steady nature, and if its speed is about 8 to 12 km
per day at the points where its width is 200 km, the result I obtain is that

this current carries up to 1,000,620 sq.km. of sea ice out of the Arctic
Basin each year; that is, the ice from 13 to 20% of the whole arcz of the
Central Arctic Basin. On the conservative estimate that the ice drifting with

# 8eo Frontlsplece Mep ).
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the Greenland Stream has a mean thickness of 3 m, we have for the annual efflux
of ice the figure 3,000 cu:lm., or about 2,500,000 million tons. In melting
this ice, over 170 x 101 gram-calories of heat are absorbed.

The ice coming from the Arctic thaws in the more southerly latitudes
and takes up an enormous quantity of heat, thus increasing the severity of .
the climate in the adjacent regions. One may say that the glacial strean
exports cold from the Arctic, while the waters of the rivers and ¢ the
itlantic are importing heat. We must always bear in mind that in the forma—
tion of ice an enormous amount of neat is liberated and given off to the
atmosphere. The figures for the amounts of heat imported into the Arctic and
of cold exported from the Arctic do not remain the same from year to year.
They vary, and the variations are reflected in a very real manner in the
.~ weather conditions of Northern Europe and in the ice conditions in the western
. seas bordering the Arctic.

Thus the observations of Station North Pole are particularly value
able because, suppiemeniing as they <o the previous observations made by
Soviet explorers in the Greenland Sea, they enable us for the first time to ,
pake a quantitative estimate of the amount of ice carried out of the Arctic '
Easin and to follow up its life history. At the same time the resulfs of :
Station North Pole's work bring up new and extremely important problems,

First of all the following question arises: was the fairly high . ..
drift speed of the Station usual for the Greenland stream, or was it only a P
function of the particular weather conditions of the winter of 1937-382? And

how much connection has it with the general re-warming of the Arctic?

In the history of Arctic exploration many cases are knoyn of L
vessels 4rifting with the Greenland ice. For instance at the time when opera- '
tions were in progress for abandoning Station North Pole, there was the Soviet
vessel Murmanetz, which was caught in the ice to the south of Jan Mayen and
was then carried through the Denmark Strait into the regions south of Iceland, by
where she finally got clear. C

The most notable cases of ships drifting with the Greenland ice are P
the following. In June 1777 some vessels of the Duich whaling fleet were P
caught in the ice at 760N and were carried southward through the Denmark .
Strait at a speed of 18 to 20 km per day. The Hansa, a sailing vessel be- .
longing to a German Arctic expedition, entered the ice on the 14th of o
September 1869 at 73925'N, 180L0'W, seventy kilometers off the eastern coast '
of Greenland, and was carried southward. On the 22nd of October 1869 the !
llansa was crushed by the ice at 70052°N, 21°W (that is, a little to the north '
and a little to the west of the point where Station North Pole was abandoned ).
The men of the Hansa drifted on an ice floe along the eastern coast of Green-
land and after a 200-day voyage to position 61°21'N L2°W took to their w .ile~
boats and made the Oreenland shore. During their whole drift they cover .
a distance of nearly 2,000 km, Because the point where Station North Pole
was abandoned is the same as the point where crew of the Hansa began their
drift on the ice floe, wé are able to calculate the ice drift over the whole
enormous distarice from the pole to the southwest coast of Greenland.#

—— ——
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It was already known that the ice fields of the Central Arctic, when
they arrived in the Greenland Sea, were of comparatively larpe size, while
numerous observations made by vessels engaged in scientific and commerical
pursuits had made it clear that in the regions between Jan Layen and Iceland
only fragments of these fields were encountered, measuring approximately 30

to 50 m in diameter. To these fragments of thick ice fields the Danes and
Norwegians give the name of stor-is, meaning larg~ ict.. Thus it was clear

that in the region between North-East Cape and Jan Mayen a break-up of the

great Arctic ice floes must te in process, but the exact nature of this process

was unimown,

As long ago as the Cheliuskin drift it was noticed that at times,
particularly during periods of hummocking of the ice fields, the ice was
traversed by something like waves, under the action of which the fields would
begin to rock. This phenomenon was known to Shirshov and Krenkel' of the
Cheliusking hence during the Station North Pole drift careful observations
were made of the behavior of the levelling bubble in a theodolite set up on
the ice field for the purpose of indicating tnese oscillations.

The ice field of Station North Pole at first drifted in an extremely
quiet fashion. The crew of the station sometimes discovered crevices in the
field, formed by the effect of temperature variations, but up to the end of
January no hummocking nor severe shocks were cbserved. MNoreover, particularly
at the start of the drift, there were only comparatively small turning move-
ments around the vertical axis.,

The first heavy shock was noticed on the 20th of January.; The first
oscillation in the theodolite level was not detected until the 2ist of February
1938, when the ice field was in the Greenland Sea at approximately 779N,
Doubtless this had something to do with the fact that the whole of that Jjanuary
in the Greenland Sea was stormy; the wind velocity not infrequently reached
30 m/sec. Because of this strong wind and the fact that the eastern part of
the Greenland. Sea is always free of ice, the field had picked up a certain
amount of motion,

On the 26th of January a storm broke which continued for six days,
and: the ice field started to rock more strongly. This motion had a period of
10 to 12 seconds, that is, approximately the period which is observed in case
of ocean storm waves; the inclination of the ice field reached 60 seconds
of arc, or even more, As a result of this rocking, stresses were set up in
the ice and finally, -on the 1lst of February, the field broke up along lines
approximately at right angles to the wind direction. Beyond doubt, the cause
of this oscillation and break-up was the heavy swell created by the storm winds
in the nearby ice-free stretches of the Greenland Sea and travelling outward-
(in accordance with physical laws) in all directions.

After this disintegration of the ice field, the crew of Station
North Pole found itself on an ice floe of dimensions 30 x 50 meters, separated
from other floes by rifts 1 to 5 meters wide. When the wind died down, the
floes began to approach each other and freeze together. On the 19th of Febru-
ary, the day when Station North Pole terminated its operations, the distance

% In the case of the Sedov, the first oscillation of the theodolite level was cbserved on the 2nd of
Janusry. (940 at 81901 % 30018°€, The margin of the floss was then at latitude B80OK,
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of the Station from the edge of the field on which it found itself had already

i grom to about 2 lm. But the new field which was freezing together out of the
ﬂ {fragnents of the old was of course not so strong; from that time on, winds even
| of small force could have broken it up very quickly.
S
: '
;e i
| !

%

{

!

€

!
. ;
: §
3 ! . -
.

|

t

i )

!

!

} 4

- 59 -




12. More about the Isobaric Drift of the Ice

I bave alreedy meationed that my results in analyzing ice drifts
enabled me t0 establish two rules, which were later confirmed by mathematical
calculations, namely-

1) SBO 346 GPIFVS Blond 1edBavs, kecpiag the regiom
of high atmospheric pressure on the right;

2) the ice drifts with a velocity proportional to
the gradient of the atmospieric pressure.

Nevertheless some reseecrck workers are still continuing to lock for e
relation between the speed and directioca of the wind end the speed &nd directic:

.. of the ice drift. If in doing so they come upon cases of the ice drifting whea

there is no wird, they usually ascribe them to the effects of prevailing or
other oceaa curreats. Here however tzey are losing from sight the fact that
the wind is the consequence of the distrivution of atmospheric pressures, and
the wind-drift is in turn e comsequence of the wind. Is it tkersfore mot sicple
to look for a relation between the ice drift and ‘the distributian of atmospheric
jcessure?

Hore are soms proofs of the usefulness of this method.

Let us, like N.K. Khanesichenko, suppose thet in a certain region there
are (as is usually the case) areas of high and low atmospheric pressure (cyclezes
and anti-cyclones), arranged in u checker-board fashion. Such en arrangement
is shown in the diegram. The arrows indicate the direction of the ice drift
along the isobars. Points 0' end
0" are called neutral or hyperbolic
points. They are characterized
by a complete absence of wind.
Lines AB, CD and EF sre called
asymptotes. The theoretical cal-
culated speed of ice drift along
these lines is indicated by the
length of the arrows along the
asymptotés.

It =3 we go along an esymp-
tote the drift speed is increas-
ing, then naturally under these
circumstances a packing of the ice
floes is taking place; if it is
decreasing there is a dispersal
or thinning out of the floes.
Thus for instance in the directicn
from point O" toward points m and
n the floes are being thinned out.
In the direction from points p and
q toward point O' the floes aTe
Being compressed.

Diagram of ice-movements at neutral
points of a barygraphic system.
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. MN in the diagram represents a shore-line; above it lies the sea,
From ths sketch it will appear that in spite of there being little wind in
the neighborhood of point 0" the ice is here being carried away from the
shore and dispersed, while at point 0' it is being driven against the shore
and compressed. '

The spatial arrangement of the barygraphic systems in the figure
and the position of the shore-line arg very like situations to be found on
the northern coast of Siberia. In the neighborhood of point 0! we find
approximately reproduced just such conditions as are observable to %he north
of Aion Island from November to March. Since in the remaining months of the
year there is either little wind or a prevalence of northwest winds in this
rogion, this is where an ice pack builds up (the Aion Pack), hanging as it
were over the coast from the north and constituting a continual threat to
shipping between the East Siberian and Chuckchee Seas.

From the 21st to the 26th of August 19h6, I was flying over the ice
in the Kara Sea and Vil'kitzki Strait, over the ice of DeLong Archipelago,
over the Alon Pack and the ice of the Chuckchee Sea. Nowhere else have I
ever seen such massive and hummocky ice as in the Aion Pack. In all other
seas of the Soviet Arctic, single-year ice formations predominate. Even if
these formations survive the Arctic summer, they are carried out into the
Central Arctic in the course of the next winter. But the ice formations of
the Aion Pack are perennial in character and only a small arcunt is carried
off by winds and currents during the summer season through Delong Strait into:
the Chuckchee Sea.

If we accept the thesis that the ice drifts along the isobaric lines
and with a speed proportional to the pressure gradient, then the floes will
move without changing their relative position only when the isobars form
perfect circles and when in the barygraphic 'system the relation between the
pressure gradient and the distance from the center of the system is the same
at all points. Under all other conditions the floes will be drifting with
different angular velocities; the relative positions will bte ceaselessly
changing. ‘In one and the same barygrapnic systen, even when the sysiex as
a whole has no motion, 2reas of packing and of dispersal willbe created,

Very interesting results may likewise be obtained when we use the
ice-drift rules to study the effects of a moving barygraphic system on the
distribution of floes. '

Let us suppose that a cyclone with circular isobaric lines and a
constant pressure-gradient is cutting at an angle of L59 across a parallel-
walled channel full of evenly distributed ice floes.

In the diagram (over page) are shown the path of the cyclone center
and the edges of the strip it affects, the regions of packing and dispersal,
and also the direction of rotation of the ice floes. It will be clear that
by assigning various positions to the banks of the channel and varying the b
direction of the cyclonic path in relation to them, we may cause this setup t
to reproduce approximately just such conditions as are actually found to
exist. If we make certain recognized assumptions we may for instance even
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Distribution of hummocking, polynias, and rotation of floes
during pessage of cyclonic depression over a straight channel.

apply this scheme to the Kara See. Thus if the peth of the cyclone runs from
west to east somewhere in the region of Cape Zhelaniye, the result will be
the formation of the Novaya Zemlia polynie; if the path of the cyclone lies
approximately along the latitude of Yugorski Sher, then a polynia will be
formed extending along the Yamal Peninsula.

In making such calculations one should bear in mind that, with the
same wind strength but with different ecvunts of ice, the movement of the
boundary of the floes toward the shore or toward the icefoot, whether by
packing or by hummocking, will not always take plece at the same speed, It
. takes considerably less time to peck the floes when the ice-coversge is 5/10
or 6/10 than when it is 8/10 or 9/10.

The same of course applies to hummocking.

In conclusion 1 should mention that the steepest pressure gradients
are observed in smell, rapidly moving cyclones. Yet even though the wind in
this case may reach a high velocity, it is chengicg its direction so repidly
that the effect of such cyclones appears only in the breaking-up end hummock-
ing of the ice fields, without any considerable drift being ceused. A similar
phenomenon may be observed where the sea is clear of ice; indeed I have already
mentioned the fact that rapidly-moving barygraphic systems are incapable of
creating any noticeable currents in the sea. They make tbeir influence felt
mainly in agitating the surface layers of the ocean. '

At the Weatbher Bureau they campile a daily synoptic chart of the
distridbution of atmosphberic pressure, showing the isobaric lines. From these
charts it is easy to read off the direction of the isobars and the distances
between them for any given point of the earth's surface. With these data it
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is not difficult to calculate the speed and direction of the ice movement in any
region of the Arctic Ocean, ' .

I here reproduce a chart of the mid-month atmospheric pressure over
the Arctic Ocean for January 1939, and on it the direction of the Sedov's drift
during that month. As we see, this drift coincides exactly with an isobars

On the same chart there is shown the ice-drift in different parts of
the Arctic Basin for January 1939. It will be seen that the floes of the

Central Arctic basin are not moving as & single mass, but in different directions
at different speeds. There are zones of swift movement and relatively stationary

zones. Vhere the arrows converge, packing and hummocking is taking place; where

the arrows diverge, the ice is dispersing and spaces are opening between the
ice fields.

However, the distribution of atmospheric pressure over the Arctic Basin

is changing not only from month to month or from season to season, but from
year to year also. And therewith the circulation of the ice, determined by

the barygraphic contours, is likewise changing from year to year and indeed over
a quite considerable rangs.

The other two charts show the Arctic ice-drift in 1937 and 1938. The
small circles on these charts show the positions. -. January 1lst of the year
in question, of certain ice floes the courses o: which are traced until the
end of the year. These ice-drifts were calculated by M.M.Somov from the monthly
synoptic charts of atmospheric pressure. )

It is understood of course that these charts are intended only as
a rough illustration. In compiling them, no allowance was made for the effects
of currents and shore-lines. Yet they do give an idea why it should be that
in 1937 the efflux of ice into the Greenland Sea was considerably greater than
in 1938.

However, the most important thing shown by these charis is that it
is out of the question to discuss ice drift in terms of any simple-looking
scheme of short-distance movements, On the contrary, we have to recognize
that there exists in the Central Arctic Basin a complex circulatory system
~ which is subject to considerable variations over any interval either of time
or of distance. It is the inequalities of drift (particularly the variability
_ with time) that account for the appearance of areas of hummocking and dis-

' persal, areas of stagnation and of accelerated movement.

The dependence of the ice-drift on the isobaric picture is a concept
. which adds much to our understanding of the nature of the currents in the
Arctic Basin,

The general pattern of atmospheric circulation over the Arctic Basin
13 such that it is the main factor which keeps the ice moving in the direction
of the Greenland Sea. The Zﬁlnd-drive§7 circulation of the ice brings into
movement the surface layers of water supporting the floes. It is wind-action
over the whole area of the Arctic Basin, independently of local winds, that
creates the surface current which in the Oreenland Sea is strengthened by the
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northerly winds prevailing there.

I should add that the character of the atmospheiric circulation may
change from season to season and from year to year in such a manner that only
certain localities experience accelerations of the ice<drift. For instance,

if the ice efflux from theé region adjacent to Behring Strait is strengthened,
the influx of Pacific Ocean waters from the Behring Sea may be proportionately

strengthened, while the efflux of ice into the Greenland Sea and the influx
of Atlantic waters remain unaffected.

If the ice movement is such that it is retreating from some section
of the coast, then of course we may expect good conditions for navigation there
during the summer.

Any movement of the Arctic pack ice away from the coast is followed
by an intensified efflux of the local ice which forms in the marginal seas,
On the other hand, when the pack-ice moves shoreword the efflux of the local
ice is arrested. Ofter indeed it happens that the marginal seas are choked with
ice from the Central Arctic Basin, in which case navigation conditions on the
Northern Sea Route deteriorate proportionately.

From this it is clear how important the new rules are for our ice
forecasts, particularly the long term forecasts. In fact if we use my method
to keep track of the movements of the different Arctic ice packs throughout the
winter and spring, we may estimate the general ice conditions for the fbllow-
ing Arctic navigation season.

‘The new rules are no less important in making the short-term ice fore-
casts which inform us of the distribution of ice in individual sectors of the
Northern Sea Route., These forecasts are based on the observations of meteoro-
logical stations and on ice reconnaissance carried out by aircraft and patrol
vessels during the Arctic navigation season. However, the station-observations
cover only a coastwise strip: of the sea, while ship and aircraft observations
cannot be maintained uninterruptedly nor can they take in all areas. Here is
where we must have recourss to continuous plotting and tracking of ice-field
movements on the daily weather map, using the method which we have discovered.

That this has been made possible is one of the greatest practical
achievements of recent timee, It was made possible by the splendid work of
an outatanding team of Soviet Arctic-men, a team brought into existence by
our great Stalin. .
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CHAPTER VII

THE VWARMING OF THE ARCTIC

Seamen have long found it astonishing that the amcunt of ice enccuntered

during the summer navigation sesxzon in the marginal seas of the Arctic should
vary so much from year to year. After periods of very little ice, when navi-
gation in the high latitudes is possibie for any type of ship, there will be

years when even the most powerful ice-breaker cannot penetrate those very same
regions, h

Besides fluctuations in the amount of ice in each individual sea, we
have in recent years witnessed a general warming of the Arctic, which began
approximately in 1920 and manifested itself in higher air and sca temperatures,
and in a decreased amount of ice. The following facts are indicative of this
general warming of the Arctic.

1) The retreat of the glaciers and the thawing out of islands.
Since approximately the beginning of the present century all the Greenland
glaciers descending into- Northeast Bay#* and Disko (on the west coast of (Green-

land) have been retreating. The Jakobshavn Glacier in particular has retreated

almost 20 km in the period 1880-1920. Incidentally, the glaciers in these two
bays produce the bulk of the Greenland icebergs.

) The retreat of the glaciers has likewise been observed of late on
Spitzbergen, on Franz Josef Land and on MNovaya Zemlia. It is a striking fact
that in recent years some islands of Franz Josef Land have seemed to split in
two. Previously they had been joined together by necks of ice.

During my cruises on the Perseus in 193L%+# and on the Sadko in 1935
I diligently compared what I saw with the descriptions and photographs of the
giaciers on Jan Mayen Island and Spitzbergen, as given in the British Arctic
Pilot for 1911. Everywhere I noticed great shrinkages in the dimensions of the
glaciers. In the case of the Spitzbergen glaciers, the retreat and disintegra-
tion observed in recent years has bzen described by some writers as "catastro-
phic ",

Phenomena of the same type are the already-mentioned northward re-
treat of the southern permafrost boundary, and the thawing out of frozen
s0il and’ fossil ice deposits.

2) ‘Higher atmospheric.témperdnures. Since 1920 there has been a
rise of the mean temperature of the winter months on the shores of Baffin
Strait and on the ccasts of the Greenland, Barents and Kara Seas. Even in
the winter of 1928-~29, when there were intense cold-spells in Europe, the
winter temperature on Spitzbergen and Bear Island was only a bit below normal,

Tn the whole Arctic sector from Creenland to Cape Cheliuskin there
has not been since 1930 a single negative anomaly in the mean annual and
« An old name. Oieco Bay was Tormerly called Southeast Bay; Northeast Bay Is probably Umanak F jorde
The Geographical Branch of the Dept. of Mines {Canada) refers me to an old Hudson's Bay Co, map

published by Arrowsmith, London, 1832, 1t shows a N.E. or Jacob's Ray (compare Jakobshava) at a
location sugqosting Umanak. (Tr.)

s« 500 page 29. (Tr.) ~ 65 -
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- monthly temperatures, and the positive anomalies were quite high. Thus in the

winter of 193L4-35 the positive anomaly of the mean monthly temperatures in the
region. from Dixon Island t6 Cape Cheliuskin was as much as 4 to 10°C. In
November 1935 the positive snomaly of the Spitzbergen atmospheric temperature
reached 10°C,

If we compare the mean atmospheric temperatures registered on board
the Fram and on board the Sedov, at times when the two ships were under roughly

the same conditions as regards geographic position and season of year,# it

is apparent that the mean annual temperature registered on board the Sedov was
i.10 higher than that registered by the Fram. During the winter season (from
September to February) this discrepancy increased to 7.5°.

3) Higher temperature of the Atlantic Ocean waters flowing into the
Arctic Basin. As we have seen, an offshoot of the Atlantic, the so-called North

Cape Current, flows into the Barents Sea. Since 1898, temperatures in this cur- .

rent, from the surface to the botiom of the sea, have been quite regularly ob-
served. A particularly intensive observation of the North Cape Cirrent was come
menced during the Soviet era. It has been learned that its mean temperature
for the period 1921-1936 was 0.7°C higher than the mean for the period 1900 to
1906. What this signifies is that a column of North Cape Current water, with

a cross section of one square centimeter and a depth of 200. meters, has 1,000
more gram-calories of heat stored up in it today than it had at the beginning
of the present century.

The warming effect of the Atlantic waters flowing into the Arctic is
also manifested in the region adjacent to Franz Josef Land and Spitzbergen.

It is well known that everywhere in the Arctic the warm Atlantic
water is overlaid by a laye:r of very cold Arctic water of comparatively low
salinity. During the last ceritury the lower boundary of this layer of Arctic
water off Spitzbergen and Franz Josef Land was -observed to lie at a depth of
150-200 meters. At the present time this boundary, in the same regiohs, is
found: at a depth of 75 to 100 meters.

The heating effect of the Atlantic water appears even more markedly
in data obtained fromdepth soundings in the Arctic Basin. For instance not
onie of the Fram's soundings in the Arctic Basin gave a temperature exceeding
1.13°C for the deeper-lying waters of Atlantic origin. The Sadko expedition
in 1935 observed temperatures up to 2,68°C for these waters, while the Sedov
got temperatures of up to 1,8°C in the areas to the north and east of the
Fram's drift course, where the water should have been colder. If we compare
the Sedov soundings with the closest neighboring Fram soundings, then we find
that for each square centimeter of the surface of the:central part of the Basin
the stored heat is today nearly 80,000 gram calories mcre than it was in
Nansen's time. :

L) Decrease in the amount of ice. According to calculations made
by Karelin, the area of the ice in the Greenland Sea in the April-August
period of the years 1921-1939 was 15 to 20% less than for the years 1898 to
1920, According to my own figures, the amourit of ice in the Barents Soa,
for the same months and for the years from 1920-1933, was 15% less than for
the years 1900-1919.

% See frontisplece Map Ii.. (Tr.)
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] The southern part of ihe nacx Sca {south of the latitude of Matochkin
Shaf) nas been ice-frec in Sepisaber of every year since 1929, Over the period
136y-19§2 the probability i meeting ice in September, in this region, was
about 30Gk.

During the last century un3d at the beginning of tha present century
the Arciic ice floes would gometimes reach to the shores of Iceland and inter-
fera with fiohing and navigation thura. buring the past thirty years the ice
showad up off Iceland in 1929 only, and then in insignificant amounts.

Until the year 1920 ine Yugorski Shar used to freeze over, on the
average, two months earlier ther it did, on the average, betwcen 1920 and 1937.

"hen the sea is covered with ice, the amplitude of the tides is as a
rule diminished. Vizé notes that in the case of Franz Josef Land and Dixon
Island it has increased 15 to 207 during this period of Arctic rewarming.

$) Sea-borne traffic. The fact that -ships have reached high lati-
tudes is not always a good index of the amount of ice present in the region.
Choosing the proper course and choosing the proper moment might mean success
for one vessel, while another ship of the very same type might not choose -so
correctly, and thus create the impression that the region in question was
quite impassable on account of ice.

It is very difficult to compare vcyages (particularly. along the
Northern Sea Route) made under present-day conditions with those made at the
beginning of the century, because today we have this route under much better
control. Our far-flung network of radio and meteorological stations, our
jce-reconnaissance (sea and air), our navigation charts, beacons and markers
and, last but not least, our accumulated knowledge and experience all make
proscni-day navigation considerably casier than in times gone by. Neverthe-
loss it is fair to cite a number of voyages which were unheard-of during ‘the
previous colder periods. Among these are the voyage of our motor sailing-
vessel Knipovich -around Franz Josef Land in 1932 and the through-trips made
by ordinary steamships over the vhole length of the Northern Sea Route in
1935, no ice being encountercd anywhere on the course. And so on.

It is a well<known fact that since 1930 there has not been a single year

when it was not possible to round Novaya Zemlia on the north with vessels un-
equipped for ice navigation. Yet it is also a wall-known fact that in 1901

- dakarov's attempt# to round the northern tip of Novaya Zemlia from the west,
on the ice breaker Yermak, ended in failuve, although the Yermak spent nearly
a month fighting the ice off the northwest shores of the Island. And we
rememoer 1912, when the St.Phoca of the Sedov Expedition# was unable to get
through to Franz Josef Land and had to winter off the northwest coast of
Novaya Z%emlia, The same ycar, the St.Anna of the Brusilov Expedition#

was caught in the ice off the Yamal Goast.

% Thn following detalls are from Chapters 2 and 3 of Zubov's work, chapters not inciuded In this
transialion,

i) Admiral Stepan Oslpovich Makoroy was the firet to cugaost taking a vaasel to the Pole by
sctive meana, pather than by passive drifting. ile proposed to use a powerful lcehreaker, .and decigned
4hs Yermak for the, purpose. With thls salp (buitt for him at Newcastlo-on-Tyne) Makarov tackled
{ha Tce north of Spitzhergen in 1099-1901, In two attompts he got only as for as 8192i"N, the lce
sroviag teo much evan for tha mighty Yermaka .

In spite of fallure, Makarov'e work bore fruit. Wis book, "The Yermak In tho tce™ Is still the
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During the last 15 or 20 years, navigation conditions have become in.
comzarably better than they were before, at least in those waters which have
been most studied from the point of view of ice, namely the Oreenland, Barents
and- Kara Seas.

6) Biological signs of the warming of the Arctic. During recent
years the species of fish useful to mankind have been spreading farther and
farther north. Since 1921 cod have baen appearing in great numbers off the
shores of Spitzbergen and Novaya Zemlia, and fishing in the northern waters
has consequently increased. In the Barents Sea, European fishing vessels have
increased their catch from 30,000 tons in 192L to 97,000 tons in 1930. Off the
;;;st of Greenland the catch has risen from 300 tons in 1926 to 48,000 tons in

0. -

The waters which wash the shores of Norway, Bear Island and Spitzbergen
now furnish the countries of Northwestern Europe with 20%.-of their total Atlantic
catch. In 192 the total output amounted to 5LL,000 tcns; by 1930 it was 753,000
tons., The increase is mainly due to our better mastery over the northern fishing
areas.

Thus the center of gravity of the world fishing industry has in late
years been shifting gradually to the Arctic waters, and the fact must be ascribed
to the warming of these waters.

Of course a shift of this kind is perhaps not a satisfactory indicz-
tion, because fish normally make long excursions (migraticns) from. one region
1o znother. But the bottom-water organisms of little motility have also been
ehifting northward of late, a fact which likewise points to a warming of the
Arctic, Many warm-water forms (echinoderms in particular) which the Murmansk

didle of the Ruacian Arctic navigator,
As for tha Yersak, the care which wont into her doslgn anc construction ig evidancad by tha fact
trat on tha 28th of August, (933, this 50-yoar-cld chip reached the point 83906™:. 138924¥€, a record.

(Zubav, page 62).

z) The privately finsnced oxpedition of Lioutonant G.Y¥a.Socov called in the St.Phaca frou
Arkhionge$ sk on August 27, 1912. Porsonnal included the geographor V.Yu.Vizé, tho goolegist HeEe
Paviov, the artist N.V.Pincgln and others. Tho plan of tho expodition uas to reach Franz Jeusf Land
by asa, corstruct a base thore, and tien continuc to tho Polo by dog-clad,

in the Barents Sea the ycar 1912 uas a very sovero ons for ico. The expodition could nut geot
farticr than the north coast of Novaya Zealla, and wintored thare in a bay at 76°M 60F to which the naue

of #heca Bay wa3 given,
Oniy on the 3rd of Soptoxder 1913 did the ice surrounding the vosaal finally broak wp, and the

" ahly continued to Franz Josof Land. The expoedition uintarod-on Hooker tsland, Suppliso nere beconing

shorte
In Fabruary 1914 Sodev, who Dy that tiuo was woak and 111, sot out by gag-slod for the liorth Pale,

ecoempanied by tuo of hle areus Hs dlod en routo, Haren 5, I914. His two conpanions roturnad to the
shipe Tha St.Phoca on her return voyage touched at Cape Fiora to roplenioh har fuel with uocd fros
structures bullt by the Jackson Expedition in 1894-97 and thore plckad up Al'banov and Kenrad of tho
8rusilov Expedition, 8he limped dack to Arkhangol?'uk on the 28th of August 1914, (Zubov, pages.87-89).

3} in the autuen of 1012, Llieutonant G.A.Brualiov's Expedition In the St.Anna, the purpose of
wdich was to make the passage of the Northern Soa Route, was caught In the lce in tho Kara Sos of7 the
Yaual Peninaula, ané from there vas carried to the rogion north of Franz Josef Land. On Aprif 25,

1914, when the ehip vas at 83017°K 60E, eleven men hoaded by the V.l.Al'banov feft the ship ang went on
foot over the ice to Franz Jose? Land. Only two of thsm reached Cape Flora on Nordbruk tefond (July 22),

where they were picked up by the St.Phoca,
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Scientific Fisheries Expedition dic not find in northern waters in 1900-1906

now exist there in great numbers. On the basis of these facts Knipovich says:-

“In about a decade and a half, or perhaps in even a shorter time, a
Schange of such magnitude h:a taken place in the distribution of marine fauna
"that it would ordinarily b# regarded as indicating a long geological period.”

Closer investigation has shown that thy olimate of Eurepe iy becom«
ing mors continental in character, a change which manifasts itself principally
in higher winter temperaturcs. For the last 50 years the atmospheric tempera-
ture in Europe has been steadily rising. Since the decade 1890-1899, the mean
temperature at Leningrad has fer instance gone up almost 1°C,

Even more remarkable is the fact that the warming of the Arctic is
not a phenomenon limited to the single area of the Polar regionsjy it is on a
scale affecting the whole terrestrial globe. Indeed you will find in Behring
Strait and in the Pacific Ocean the same signs of a warming of the hydrosphere
and atmosphere that you find in the Atlantic.

So far, it is not clear what causes lie behind the warming of the
Arctic, nor how long this process is to continue. Many hypotheses ... more in-
genious than trustworthy ... have been built around this point. The only thing
of which we can be sure is that the warming.of the Arctic is caused by a general
atepning up of atmospheric and hydrospheric circulation, that is, by a vast ex-
change of air and water masses as between the Tropics and the Polar Regions.

. .Over the period 1920 to 1930 the atmospheric pressure in the Icelandic
and Aleutian lows dropped on the average almost 5 millibars, and since the
weight of the atmosphere has not altered, this means that over the subtropical
high-pressure zone there has been a corresponding rise. Simultaneously there
has been a rise in the amount of warm sea air flowing from the Atlantic to the
Barents Sea and onward into the Arctic. This warm air is decreasing the amount
of newly forming ice in these regions.

Stronger westerly and southwesterly winds in the North Atlantic mean
a stronger flow of Atlantic water into the Arctic (vboth in surface currents and
in deeper-lying currents), stronger winds zlong the Greenland Coast and a
stronger efflux of water and ice from the Arctic. Ve have already noted that
a rise in the temperature of the Atlaritic waters definitely involves an increase
in the :speed at which they flow into the Arctic.

Available data on increases in the speed of the ice-drift are much
less exact. One thing however it is essential to mention. In recent years
Soviet marine expeditions have been casting large numbers of buoys adrift in
the Oreenland, Kara and Laptev Seas, for the purpose of studying the currents
and the ice~drift. wany of these buoys were picked up later on the shores of
Greenland, Iceland and Norway, and when the currents and drifts were calculated
it turned out that every buoy since 1933 gave speeds three or four times greater
than before 1933. As I have already stated, the drift-speed of Station North
Pole was likewise 2.l times greater than was expected. The Sedov drift started
mich farther soutli than the drift of the Fram, it ran considerably farther
north, and it finished considerably farther south again.* Yet the Fram's-drift
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took 1055 days, while the Sedov's drift took only 812 days. From this it be-
comes evident that during recent years the Central Arctic Basin has been export-
ing an ever-increasing amount of its mighty ice-masses. :

Thus an intensified general circulation in the atmosphere and hydro-
sphiere, the final result of which has been a warming-up of the Arctic, may be

regarded as a proven fact. This however is not an answer to the problemj it
is only a replacement of one problem by another, rfer the question of what oaused
the increased circulation remains unanswered.

Warmings and coolings of the Arctic are phenomena which were long ago
noted in the chronicles of mankind. Some scientists have tried to link them to
astronomical phenomena. Thus Simpson is of the opinion that the periodic
character of glacial and inter-glacial epochs can only be explained by successive 9
changes in the amount of solar heat received by the earth.  Clayton points to
an influence of sun-spot maxima and minima (which have a period of 11 years) in
deternining the distributicn of atmospheric pressure and consequently that of
the precipitation.#

-

——

In studying the secular variations of the ocean level, the following
two facts must be taken into consideration: First, there are noticeable dif-
ferences between the annual mean levels at different parts of the ocean, es-
pecially in the case of the partly landlocked seas., Second, the annual mean
level may show variations one way or the other over a large stretch of coast.
This is of course a phenomenon most characteristic of the quasi-landlocked
seas. Thus for instance over the whole coastline of the Baltic Sea, includ-
ing its bays and sounds, the annual mean water-level was in the years 1891,
1897, 1901 and 1904 lower than the long-term mean, and in the years 1893,
1899 and 1903 it was higher than the long-term mean.

Recent American researches have shown that rises or falls in the
annual mean level of the .ocean take place over the whole coastline of the
U.S.A., both on the Atlantic side and on the Pacific side. At all the Atlaatic
seaports the rises occur in the same years, and so do the falls, but they do
not correspond with the high or low years or the Pacific Coast.

Special researches carried out ‘by the French have shown that the
secular fluctuations in sea-level are of periodic character and the principal
period is 18.6 years, that is, the same period as. theprecession of the nodes
.of the moon's orbit. Other periods discovered in these researches were 8.85,
11.11, and 93 years; they also may be related to elements of the moon's
rotation around the earth.

Thus we may regard it as indubitable that the secular variations in
the level of the ocean, -or of parts of it at any rate, are connected with
cyclic variations in the tidal forces exerted by the moon and the sun,

# The fluctuations in the level of certain lskes, fluctuations vhich chiefly depend on the amount of
precipitation, do Indeed show & surprising agrecaent with the sunspot cycle. .The level.of Lake
Ladogs e higher at the sunspot ainlmus, while that of Lake Victoria in Africa [s on the contrary
higher at the maximum, facte which may de.explained by & difference In the distridution of
stuospheric pressure at these lakes, caused.by solar activity, :
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But variations in the level of the ocean, dnd variations which further-
sore are simultaneous over great areas, involve displacements of enormous masses
of water. Such displacements make our thoughts turn to the possible effect of
the winds in piling up water or driving it back., If the surface waters of the
sea are driven toward the shore they raise the sea-level there, and at the same
time there is an increased efflux of the deeper waters in the opposite direction,
out to sea. If the surface waters are driven away from the coast, these
phenomena take place in revorse sense. A further point of resemblance between
tidal movements and these on-driving and off-driving effects of the wind is

-that the comparatively small changes which they cause in the level of the sur—

face may be accompanied by rises or falls of very great amplitude in the deeper-
lying waters.

The phenomenon of waves in the deeper waters of the ocean, ebbing and
flowing with the tides, first attracted attention when studies were being made
of the seasonal fluctuations of salinity in the Denmark Straits. It was shomn
that the periods of this fluctuation were related to the periods of certain
astronomical phenomena. Peterson, studying the secular fluctuvations in the
catch of fish in the Denmark Strait, found a period of 111 years, while Darcy
Thompson found that.the maximum catch at Edinburgh cccurred every 13 to 16
years,

The longest astronomical period affecting the amount of ice in the
Atlantic sector of the Arctic is, according to Peterson's researches, one of
18C0 years. Every 1800 years the sun, the moon and the.earth find themselves
in the same plane and on the same straight line, under conditions such that
the distance between earth and sun is a minimum. At such times the tidal forces
reach a maximum, and consequently the greatest disequilibrium exists both in
the atmosphere and in the hydrosphere. The heavenly bodies were in this con-
figuration about 3900 B.C. and 2100 B.C., and again in the year 1433 A.D.

In the case of the latter date, the researches of Scandinavian
historiographers have shown that great climatic and hydrological changes took
place in the North Atlantic at about that time. As the Icelandic sagds tell,
the Norwegian Vikings of the 10th to the 12th centuries had no trouble in sail-
ing to Greenland in their frail ships,

In 984-987 A.D., Erik the Red sailed along the eastern coast of
Creenland from Angmagssalik to Cape Farewell without meeting ice. Peterson
thinks that in those days no ice came past Cape Farewell into Baffin Strait.
The climate of Greenland was much the same as the present-day climate of
Norway at. the same latitudes.

From 1261 A.D. on, there appear the first documentary indications:
of Iceland blockaded by ice. Communications with Europe became so bad that
the Norwegian colonias which Erik the Red had founded in South Greenland, and
which had reached a flourishing state,# were in the 11lth and 12th centuries
falling into decay, to be finally destroyed by the Eskimos; the western group
in 1341-1370 and the southern group (in the straits around Cape Farewell) in

118 A.D,

» How flourishing these colonies were may be judged from the foilowing facts: the western group of
colonies counted 90 estates and 4 churches; in the southern group there were two cities vith a

cathedral, 11 chyrches and 3 monasteries,
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Simultaneously with the ice-blockade of Iceland, they begin to hava
very severe winters in Norway and there were catastrophic floods on ths eastcrn
shores of the North Sea,

Geological researches have shown that the climate of ths Broaze Age
(1700 - 600 B.C.) was milder than even in the days of the Vikings, and that a
marked change in winter conditions took place in the 3rd and hith cuntuzies he-
fore our era. At that time too the shores of the North Sea were being devasialed
by floods. The severe winters of this epoch live in the Northland mythology
under the name of the "fimbulvinter"; they were one of the causes of the first
migration of peoples.

The problem of the warming of the Arctic is one of the first-line sig-
nificance. The key to its soluticn is to be found in the Atlantic and in the
Arctic itself. There is no doubt that the vast and diversified research teing
carried out nowadays by Soviet 'scientists is clearing the way toward the solu.
tion of this important problem.

-




IN CONCLUSION

When we 100k back at the history of the exploration of the Arctic
Lands, then in spite of ourselves we are amazed at how much has been accomplished,
particularly by Russfans and particularly during the Soviet perifod, toward the
zastery of the Arctic. With profound gratitude and respect we remsmber those
dds, great aid smill, femous aiad obséure; who put 86 mueli stubberm baid werk,
endurance and effort inte the exploration of the Arctic Regions, sometimes even
yielding up their lives thereto.

But when we 100k abead, we see how much thers still remains for us to
do, 1f we are really to know the Arctic.

To this day there are seasonal and secular variations of certain geo-
physical factors of which we know nothing; there are important problems still
unsolved, such as climatic fluctuations, the warming of the Arctic, and so
forth. Even in the sector of the Arctic which has been best studied, that bounded
by Greenland, the North Pole and the New Siberian Islands, there remains much
that is unknowmn,.

One therefore understands how the white spaces on the map of the Arctic
attract and lure the explorer. One understands all the effort, the dream of
reaching the very center of the Arctic. One understends why meny of the Soviet
Arctic explorers are dreamirg of doing it all over egain: drifts, winter so-
journings and expeditions, this time with the aid of every possible means of
locomotion, aircraft, ships and submarines; they dream -0f .setting up on the ice
tields of the Central Arctic the latest autamatic devices ... self-registering
instruments and radio transmitters.

Study of the Arctic 18 essential for the development and exploitation
of 1ts pnatural productive resources, for the understanding of the meteorological
processes taking place over the greater part of the territory of Europe and the
Soviet Union, for the mastery of the Northern Sea Route. This study is essential
too for opening up the roads of the future ... the northern air routes uniting
Europe and Asia with North America.
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